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ABSTRACT 
An experiment conducted on the  10-day Spacelab 1 miss ion 
aboard the  n i n t h  Space Shu t t l e  f l i g h t  i n  November t o  December 1983 
was designed t o  measure fac to rs  invo lved i n  the  cont ro l  o f  erythro- 
cy te  turnover  t h a t  might be a l te red  dur ing  weiyhtlessness. 
s m p l  es were c o l l  ected before, dur ing,  and a f t e r  the  fl i g h t .  
Immediately a f t e r  landing, red c e l l  mass showed a mean decrease o f  
9.3 percent i n  the  four  astronauts. 
increase i n  blood phosphate was a cause o f  t he  decrease. Red c e l l  
surv iva l  t ime and i r o n  incorpora t ion  p o s t f l i g h t  were not s i g n i f i -  
c a n t l y  d i f f e r e n t  from t h e i r  p r e f l i g h t  leve ls .  
d i d  not decrease, i n d i c a t i n g  t h a t  i n t ravascu la r  hemolysis was not a 
major cause o f  red c e l l  mass change. An increase i n  serum f e r r i t i n  
a f t e r  t he  second day o f  f l i g h t  may have been caused by red c e l l  
breakdown e a r l y  i n  f l  igh t .  E ry th ropo ie t i n  l e v e l s  decreased dur ing 
and a f t e r  f l i g h t ,  bu t  p r e f l i g h t  l e v e l s  were h igh and the  decrease 
was no t  s ign i f i can t ,  The space f l igh t - induced decrease i n  red c e l l  
mass may r e s u l t  from a f a i l u r e  o f  e ry th ropo ies is  t o  replace c e l l s  
destroyed by the  spleen soon a f t e r  weiyhtlessness i s  a t ta ined.  
Blood 
Nei ther  hyperoxia nor an 
Serum haptoglobin 
INTRODUCTION 
The most consis tent  f i n d i n g  i n  s tud ies o f  t he  in f luence o f  space f l i g h t  
on the  hematologic system i n  man has been a s i g n i f i c a n t  reduct ion i n  the c i r -  
cu la t i ng  red c e l l  mass (RCM). Th is  phenomenon has been observed i n  the Amer- 
ican Gemini (Fischer e t  a1 ., 1967), Apol lo  (Kimzey e t  a1 ., 1975), Skylab 
(Johnson e t  a1 ., 1977) and Apollo-Soyuz Test P ro jec t  (Kimzey and Johnson, 
1977) missions and Soviet  Soyuz-Salyut missions (Ushakov e t  al., 1977). Data 
from t h e  Skylab f l  i g h t s  suggest t h a t  suppression o f  normal ery thropoies is  may 
be a cause o f  red c e l l  mass reduct ion found a f t e r  space f l i g h t  (Kimzey, 
1979). 
An experiment conducted on the  10-day Spacelab 1 mission aboard t h e  
n i n t h  Space Shu t t l e  f l i g h t  i n  November t o  December 1983 was designed t o  meas- 
fpc to rs  involved i n  the  con t ro l  o f  e ry th rocy te  turnover, p a r t i c u l a r l y  
hropoiesis,  i n  man which might be a l te red  soon a f t e r  the beginning o f  
exposure t o  wei yhtlessness. Many o f  these hematological and biochemical 
parameters have not prev ious ly  been measured i n  blood specimens co l lec ted  
dur ing space f l  i y h t .  
METHODS 
The mission s p e c i a l i s t s  ( M S l  and MS2) and payload s p e c i a l i s t s  (PS1 and 
PS2) aboard Spacelab 1 were the  subjects i n  the  experiment. As a contro l  f o r  
t h e  blood draw protocol  and a comparison o f  actual  f l i g h t  t o  bed rest ,  which 
simulates some o f  t he  e f fec ts  o f  space fl i g h t  (Kakur in e t  a1 . , 1976; Nixon e t  
al., 1979), t h e  miss ion was simulated on the  ground w i t h  a group o f  f i v e  sub- 
j e c t s  selected from a human subject  pool. The s imulat ion subjects were 
selected on t h e  bas is  o f  s i m i l a r i t y  o f  age, weight, sex (male), physical 
condi t ion,  and o v e r a l l  hea l th  s ta tus  t o  those o f  t h e  Spacelab crew. For 
1 
s imulat ion o f  the  i n f l  i g h t  period, cont-rol ..subj.ects we.re placed a t  -6Q head- 
down bed r e s t  f o r  a t ime equal t o  the f l  i y h t  per iod . (  about 10 days). 
crewmember and s imu la t ion  subject  acted a-s h i s  own cont ro l :  
p o s t f l i g h t  r e s u l t s  were compared t o  p r e f l i g h t  basel ine data. For both stud- 
ies,  guide1 ines  f o r  appropr ia te i n s t i t u t i o n a l  human experimentation and radi-  
a t i o n  safety  were f o l l  owed. 
Blood samples were obtained from each crewmember and s imulat ion subject  
three o r  four t imes dur ing the  p r e f l i y h t  (pre-bed r e s t )  period, t w o  o r  th ree  
t imes i n f l i g h t  (dur ing bed r e s t )  and four  times dur ing  the  p o s t f l i g h t  (post- 
bed r e s t )  period. Radionucl ide ineasurements o f  red ce' l l  mass and lasma 
volume were made 65 days before f l  i g h t  (F-65) , on landing day (L+Oy, and 8 
days p o s t f l i g h t  (L+8). The t o t a l  volumes o f  blood co l l ec ted  dur ing each 
phase o f  the  mission are shown i n  t a b l e  1. During t h e  88 days o f  each study, 
470.5 t o  538.5 m l  o f  b lood were withdrawn from each ind iv idua l .  Biomedical 
Laborator ies s t a f f  members co l  lec ted  p r e f l  i g h t  and p o s t f l  i g h t  b l  ood samples 
and a l l  samples from the s imulat ion subjects by venipuncture w i t h  the  use o f  
standard c l  i n i c a l  mater ia l  s and procedures. 
One o f  t he  mission s p e c i a l i s t s  and one o f  the  payload spec ia l i s t s  had 
been t ra ined  i n  the  use o f  t he  I n f l  i g h t  Blood C o l l e c t i o n  System (IBCS) and 
co l l ec ted  blood samples on 2 days dur ing the  mission. 
blage o f  standard blood c o l l e c t i o n  equipment and suppl ies which can be used 
i n  zero y r a v i t y  i n  the  same manner as i n  ground-based laborator ies.  
system included th ree  t rays,  each contai f i ing the  mater ia ls  required f o r  a 
s ing le  day's blood c o l l  ect ion.  
b lood c o l l e c t i o n  tubes w i t h  disodium e thy l  enediaminetetraacetate (EDTA) and 
several tubes w i th  heparin, as wel l  as p l a i n  Corvac@ tubes, f i x a t i v e  tubes 
f o r  scanning e lec t ron  microscopy and r e t i c u l o c y t e  age c l a s s i f i c a t i o n ,  and 
other  blood c o l l e c t i o n  supplies. The Corvac@ tubes had been t rea ted  t o  wi th-  
stand l i q u i d  n i t rogen temperature. 
l u l a k  and f l u i d  phases separated a f t e r  cen t r i fugat ion .  The IBCS also con- 
ta ined a work k i t  inc lud ing  a min icent r i fuge f o r  hematocr i t  determinations, 
mater ia ls  f o r  preparat ion o f  blood smears ( i nc lud ing  a r e t i c u l o c y t e  s ta in ,  
new methylene b lue N), and o ther  suppl ies.  
A l l  samples were s t a b i l i z e d  o r  processed by c e n t r i f u g a t i o n  w i t h i n  min- 
u tes  o f  co l lec t ion .  Mission i n f l i g h t  samples were co l l ec ted  i n  p l a i n  tubes 
f o r  s2rurn and i n  heparin and EDTA tubes f o r  plasma, Samples were immediately 
separated; by c e n t r i f u g a t i o n  i n t o  f l u i d  and c e l l u l a r  phases. Fol lowing separa- 
t i o n ,  these samples were s tored i n  an onboard cryogenic f reezer  (-195O C) and 
a f t e r  landing they were taken t o  the  labora tory  and s tored frozen u n t i l  anal- 
y s i s  o f  plasma and serum was performed. Hematocrit was determined and s l i des  
f o r  r e t i c u l o c y t e  and wh i te  c e l l  d i f f e r e n t i a l  and r e t i c u l o c y t e  age c l a s s i f i c a -  
t i o n  were prepared i n f l  i y h t .  A f te r  landing, hematology analyses were per- 
formed on whole blood t h a t  had been stored a t  t he  spacecraf t  ambient tempera- 
t u r e  dur ing the  f l i g h t .  
The procedures used f o r  analyses are l i s t e d  i n  t a b l e  2. 
were counted by the  standard manual method (Wintrobe, 1974) and by f low cyto- 
metry o f  c e l l s  stained w i t h  pyronin Y f o r  r ibonuc le ic  ac id  (RNA) (Tanke e t  
a1 . 1983). One-parameter ( in tegra ted  green f luorescence gated on forward 
angle l i g h t  sca t te r ing)  ana lys is  was performed on f ixed,  stained samples o f  
whole blood. 
minutes as i n  the  method o f  Tanke e t  a l .  P a t  pH 4.7. A peak o f  strongly-  
f luorescing c e l l s  separated from the red c e l l  peak, and the  area under it was 
Each 
i n f l i g h t  and 
The IBCS i s  an assem- 
The 
Each t r a y  contained several Corvac@ evacuated 
They contained a gel which kept t he  ce l -  
Ret iculocytes 
Samples were s ta ined w i th  y ron in  Y f o r  2 hours ( instead o f  30 
2 
used as the  number o f  re t i cu locy tes  i n  each sample o f  50,000 red blood 
c e l l s .  
urements o f  the  amount o f  RNA i n  r e t i c u l o c y t e  cytoplasm (Bessis e t  al., 
1973). 
The p r e f l i g h t  and p o s t f l i g h t  d i e t  o f  crewmembers was not  con t ro l l ed  o r  
monitored, but  t h e  Shu t t l e  d i e t  was consumed i n f l i y h t .  Simulat ion subjects 
a t e  a standard hosp i ta l  d i e t .  
l e n t  o f  1 l i t e r  o f  phys io log ica l  sa l ine  s o l u t i o n  (1 l i t e r  o f  water w i t h  8 g 
o f  s a l t  t ab le ts )  as a countenneasure f o r  p o s t f l i g h t  g r a v i t y  s t ress  t o  the  
cardiovascular system. MS2 drank about 750 m l  o f  water and took 4 g o f  s a l t  
tab le ts .  These crewmen also ingested an ant i -mot ion sickness drug (scopola- 
mine/dexedrine) before the  f l i g h t ,  
t he  mission s p e c i a l i s t s  and PS2 took scopolamine/dexedrine and PS1 took pro- 
methazine/ephedrine on mission day 1. 
2 o r  3 days o f  t he  f l i g h t .  
The crewmem- 
bers worked i n  two d i f f e r e n t  s h i f t s ;  MS2 and PS2 s l e p t  from 10:30 p.m. t o  
6:30 a.m. and MS1 and PS1 s lep t  from 10:30 a.m. t o  6:30 p.m., cen t ra l  stand- 
ard time, Two weeks before launch, t he  sleep-wake cyc le  o f  MS1 and PS1 was 
s h i f t e d  by 12 hours. The cyc le of two o f  the  ground cont ro l  subjects approx- 
imate ly  matched t h a t  o f  these "second-shift ' '  crewmembers. 
monitor t he  s h i f t  i n  metabolic functions, u r i ne  specimens were co l l ec ted  from 
MS1 and PS1 throughout several 24-hour per iods 6 months before the  f l i g h t ,  
when crewmembers were on t h e i r  normal daytime work schedule, and dur ing the  
p r e f l  i g h t  period, when these crewmembers were adapting t o  t h e i r  new work-rest 
schedule (appendix A ) .  These samples were analyzed f o r  calcium, potassium, 
and c o r t i s o l  and compared t o  samples taken immediately p o s t f l i g h t  t o  deter- 
mine i f  the  i nd i v idua l  had adapted t o  the  imposed t ime change. 
s t a t i s t i c a l  analys is  o f  the  resu l ts .  No data were disregarded and on ly  one 
f l  i gh t  sainpl e was m i  s s i  ny The Student-Newman-Keul s stepwi se mu1 t i  p l  e com- 
par ison t e s t  (Newman, 1939; Keul s, 1952) was used t o  compare measurements 
from d i f f e r e n t  days o f  t he  experiment. 
values f o r  t he  f i r s t  2 p r e f l i g h t  days was determined and used f o r  comparison 
w i t h  t h e  other  days on which samples were taken. 
for  t he  f l i g h t  and simulat ion.  A more de ta i l ed  desc r ip t i on  o f  the  s t a t i s t i -  
ca l  analys is  i s  g iven i n  appendix B. 
Histogram contour ing o f  stained blood c e l l s  was used t o  produce meas- 
Two hours before landing, MS1 took the  equiva- 
During the f i r s t  3 days o f  t he  mission, 
Only MSl was not s i c k  dur ing the  f i r s t  
The STS-9 Spacelab 1 mission was i n  continuous operation. 
To attempt t o  
A mult i-way ana lys is  o f  var iance f o r  repeated measures was used f o r  
For each parameter, t he  mean o f  
Separate analyses were done 
RESULTS 
P r e f l i g h t  Per iod 
Several parameters shown i n  t a b l e  3 increased o r  decreased i n  three o r  
a1 1 fou r  crewmembers dur ing the  p r e f l  i g h t  period. 
t r a t i o n  o f  lymphocytes increased between F-7 and F-1, and albumin and 2,3-  
diphosphoglycer ic ac id  (DPG) increased between F-65 and F-7 and between F-7 
and F-1. 
index (RPI) ,  number o f  p la te le t s ,  percentage o f  neutrophi ls ,  and l e v e l s  o f  
gamma g lobu l i n  and t r a n s f e r r i n  decreased between F-65 and F-1. Hematocri t  
and the  percentage and number o f  monocytes increased between F-65 and F-7, 
but  decreased between F-7 and F-1. 
The percentage and. concen- 
The percentage and number o f  re t i cu locy tes ,  r e t i c u l o c y t e  product ion 
Because of these cons is ten t  d i f ferences,  
3 
some o f  which were s t a t i . s t i m l 1 y  s i g n i f i c a n t  ( tab le"3)  , F-.l was omi t ted from 
t h e  p r e f l i g h t  mean f o r  a l l  parameters.' No con.sistent' p r e f l  i g h t  changes 
occurred i n  simul a t i o n  subjects. 
EffeGt.s of  F l i g h t  
Red Cell Mass 
Red c e l l  mass (ml/ky) was decreased on landiny i n  a l l  four  crewmen 
( t a b l e  3),  w i t h  a s i g n i f i c a n t  mean decrease o f  9.3 percent ( t a b l e  4). By 
p o s t f l i g h t  day 8, on ly  3.3 percent had been replaced and the  decrease was 
s t i l l  s i gn i f i can t .  
( t a b l e  5), w i th  a greater  decrease (8.4 percent) on L+8 than on L+O (4.6 per- , 
cent)  ( t a b l e  6)  , Both decreases were s ign i f i can t .  
Red c e l l  mass (ml/ky) was also decreased i n  a l l  s imulat ion subjects 
Erythrocyte Hematology 
Hematocri t  and ery th rocy te  (RBC) numbers were s i g n i f i c a n t l y  decreased 12 
hours a f t e r  land ing  ( tab les  3 and 4). 
hetnoylobin (Hb) was s i g n i f i c a n t l y  increased from p r e f l i g h t  and i t  was not 
found t o  be s i g n i f i c a n t l y  decreased u n t i l  L+8. Erythrocyte count and ind ices  
and hematocri t  were also increased on mis*sion day 1 ( M D l ) ,  bu t  the  increases 
were not  s ign i f i can t .  Mean corpuscular hemoglobin (MCH) was s i g n i f i c a n t l y  
increased on L+O and L+1 , and mean corpuscul a r  hemoyl ob i  n concentrat ion 
(MCHC) was s i g n i f i c a n t l y  increased on MD7 and L+O. 
experiment was an increase i n  MCHC on L+13 ( t a b l e  5) .  
During f l i g h t  and on landing day, 
The only  s i g n i f i c a n t  change i n  ery throcyte hematology i n  the  s imulat ion 
Erythrocyte Production and Destruction- 
The percentage o f  r e t i c u l o c y t e s  was determined by f low cytometry as we1 1 
as by t h e  standard method. 
resu l ts .  The number o f  r e t i  cu l  ocytes based on manual r e t i  cu l  ocyte counts , 
was decreased (55 percent, t a b l e  4) on the  second i n f l  i g h t  sampl i n y  dsy, and 
on landing day, t he  number and percentage o f  re t i cu locy tes  and t h e  R P I  
decreased. None o f  these changes were s t a t i s t i c a l l y  s ign i f i can t ,  however. 
The f low cytometry r e s u l t s  showed t h a t  i n  th ree  crewmembers the  percentage o f  
re t i cu locy tes  had decreased by 24 h a f t e r  launch, b u t  i n  one crewmember, P S I ,  
i t had more than doubled by the  same time. From MD7 u n t i l  L+8, the  mean per- 
centage o f  re t i cu locy tes  decreased s l i g h t l y  a t  each sampling time. 
13, t he  percentage increased by 39 percent, more than it increased (10 per- 
cent)  when c e l l s  were counted manually. 
than p r e f l i g h t  a t  a l l  t ime po in ts  a f t e r  landiny, None o f  t he  changes 
detected by f low cytometry were s t a t i s t i c a l l y  s ign i f i can t .  
lowest  on L+O and was s i g n i f i c a n t l y  d i f f e r e n t  from i t s  p r e f l i g h t  l e v e l  then, 
bu t  by L+8 it was 10 percent greater  than the  p r e f l i g h t  mean. 
the  amount o f  RNA per  c e l l  was very c lose  t o  the  p r e f l i g h t  amount, I n f l i g h t  
and s imulat ion r e s u l t s  were no t  obtained f o r  t h i s  parameter. 
f l i g h t ,  increased (but  no t  t o  p r e f l i g h t  l e v e l s )  dur ing the  f i r s t  week a f t e r  
The two methods d i d  not produce the  same 
On L+12/ 
PS1  had r e t i c u l o c y t e  l e v e l s  lower 
Image ana lys is  data showed t h a t  the amount o f  RNA per r e t i c u l o c y t e  was 
By L+12/13, 
A1 though f o r  most crewmembers e ry th ropo ie t i n  l e v e l s  decreased dur ing  the 
4 
landing, and decreased again on p o s t f l - i g h t  day 12/13, none 07 these changes 
were s i g n i f i c a n t  ( t a b l e  3 ) .  There was no s i g n i f i c a n t  d i f f e rence  i n  ery thro-  
p o i e t i n  l e v e l s  throughout the  s imulat ion p a r t  o f  t he  experiment ( t a b l e  5). 
The e f f e c t  o f  space f l i g h t  on ery throcyte surv iva l  t ime was measured by 
1Cr-1 abeled red b l  ood c e l l  s (RBC' s) immedi a t e l y  a f t e r  1 andi ng and 
determining the  percentage t h a t  remained 8 days l a t e r .  Survival  t ime was 
almost exac t ly  t he  same i n  crewmembers as i t  was i n  the  s imulat ion subjects: 
on L+8, 76 percent (standard e r r o r  (SE) = 0.7) o f  t he  51Cr-labeled R B C ' S  
i n j ec ted  on L+O remained i n  the  blood o f  crewmembers; i n  subjects, 75 percent 
(SE = 2.1) remained. 
I r o n  K i n e t i c s  - 
Serum t r a n s f e r r i n  concentrat ion d i d  not  change s i y n i f i c a n t l y  dur ing  o r  
a f t e r  t he  f l i g h t ,  and serum i r o n  and i ron-b ind ing capaci ty  showed l i t t l e  
change except t h a t  immediately a f t e r  landing, serum i r o n  decreased froni i t s  
l a s t  i n f l i g h t  value i n  a l l  crewmembers ( t a b l e  3). The sa tura t ion  l e v e l  o f  
t rans fer r in ,  ca lcu la ted  by d i v i d i n g  serum i r o n  by t o t a l  i ron-b ind ing capaci ty  
and m u l t i p l y i n g  by 100 percent, d id  no t  change s i g n i f i c a n t l y  du r ing  the  
experiment. I n  the  s imu la t ion  p a r t  o f  the experiment, there  was no s i g n i f i -  
cant change i n  serum i ron,  unbound o r  t o t a l  i ron-b ind ing capacity, t rans fe r -  
r i n ,  o r  sa tura t ion  l e v e l  o f  t r a n s f e r r i n  ( t a b l e  5). On landing day (11 days 
a f t e r  i n j e c t i o n  o f  isotope),  88 percent (SE = 3.5) of i n j ec ted  59Fe had been 
incorporated by crewmembers and 91 percent (SE = 2.4) by s imulat ion subjects. 
Erythrocyte Shape C l a s s i f i c a t i o n  
The number, but  not  the  percentage o f  d iscocytes (normal c e l l s ) ,  was 
s i g n i f i c a n t l y  decreased 8 and 13 days a f t e r  landing ( t a b l e  3). The percent- 
age and number o f  echinocytes (stages 1 and 2) had increased s i g n i f i c a n t l y  by 
day L+8, Echinocytes are c l a s s i f i e d  i n t o  th ree  stages on t h e  bas is  o f  spine 
development: i n  stage 1 echinocytes only  a bump may be v i s i b l e  on t h e  c e l l  
surface, whereas stage 3 c e l l s  are covered w i t h  spines, Staye 3 echinocytes 
were seen i n  blood from on ly  two crewmembers, a week o r  more p o s t f l i g h t ,  
Only two crewmembers had increased numbers o f  stage 2 echinocytes, b u t  i n  a l l  
crewmembers stage 1 echinocytes increased on L+8 o r  L+12/13. The percentage 
o f  echinocytes ( a l l  stages added together)  had increased by 160 percent on 
day L+8, bu t  by on ly  82 percent on the  l a s t  p o s t f l i g h t  day ( t a b l e  4) . 
Ked c e l l  shape c l a s s i f i c a t i o n  was not performed f o r  t he  s imu la t ion  p a r t  
o f  the  experiment. 
Leukocytes and P1 ate1 e t  s 
The t o t a l  whi te  blood c e l l  (WBC) count d i d  not  change s i g n i f i c a n t l y  dur- 
i n g  o r  a f t e r  t he  mission although t h e  mean number increased dur ing  f l i g h t  
( t a b l e  3) . The percentaye and number of neu t roph i l s  ( t h e  term "neut roph i l  SI' 
i s  used here t o  r e f e r  t o  segmented neut roph i l s  and does no t  inc lude band 
neutrophi ls ) ,  lymphocytes, eos inophi ls  and basophi ls remained unchanged dur- 
i n g  and a f t e r  f l i g h t .  The percentage o f  lymphocytes was lower (29 percent) 
a t  the  f i r s t  i n f l i y h t  sampling than it was p r e f l i g h t  (F-65 and F-7), bu t  on 
other  days i t  was l i t t l e  changed from p r e f l i g h t  ( t a b l e  4). 
and number o f  band neut roph i l s  were s i g n i f i c a n t l y  increased on . the f i r s t  
The percentage 
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i n f l  i y h t  sampling day, and t h e  percentage .and number o f  monocytes were sig- 
n i f i c a n t l y  increased on the  l a s t  p o s t f l i g h t  sampling day. 
p l a t e l e t s  d i d  not  change s i g n i f i c a n t l y  dur ing and a f t e r  t he  f l i g h t .  
Only one parameter i n  t h i s  group was s i g n i f i c a n t l y  d i f f e r e n t  from pre- 
f l i g h t  l e v e l  i n  t h e  s imu la t ion  experiment: 
was s i g n i f i c a n t l y  higher than dur ing the  p r e f l i y h t  per iod  ( t a b l e  5). 
The number o f  
on L+O t h e  number o f  neutrophi ls  
Plasma and Blood Volume 
Plasma volume (ml/kg) was decreased on landing ( t a b l e  4), bu t  the  6 per- 
cent  decrease was not s i g n i f i c a n t  and recovery was complete by p o s t f l i g h t  day 
8. 
ing, bu t  was c lose t o  i t s  p r e f l i g h t  l e v e l  a week l a t e r .  
no t  s i g n i f i c a n t  ( t a b l e  5). 
Blood volume (ml/kg) was s i g n i f i c a n t l y  decreased (10.5 percent)  on land- 
Decreases i n  plasma and blood volume o f  s imulat ion subjects a t  L+O were 
Serum Chemistry 
Sodium was s l i g h t l y ,  b u t  s i g n i f i c a n t l y ,  decreased i n f l  i g h t  and on L+l 
and L+12/13 ( t a b l e  3). On a l l  p o s t f l i g h t  days osmola l i t y  was lower than i t s  
p r e f l i g h t  l e v e l  , bu t  on ly  on L+8 and L+12/13 was the  decrease s ign i f i can t .  
Potassium, adenosine t r iphosphate (ATP), and 2,3-DPG d i d  not  change s i g n i f i -  
cant ly .  
subjects as i t  had i n  the  astronauts ( increase on F-1, decrease on MD1 and 
MD7, increase on L+O) ( t a b l e  S), but  there  were no s i g n i f i c a n t  changes. 
Sodium had almost t he  same pa t te rn  o f  v a r i a t i o n  as osmola l i t y  i n  the  simula- 
t i o n  subjects, but  i t  was no t  s i g n i f i c a n t l y  d i f f e r e n t  from p r e f l i g h t  a t  any 
time. Potassium was s i g n i . f i c a n t l y  increased i n  simrtl a t i o n  subjects on MD1 e 
Osmolal i ty genera l ly  had the  same pat te rn  o f  v a r i a t i o n  i n  the  s imu la t ion  
P r o t e i  ns 
Total  serum p r o t e i n  was decreased frorn the  p r e f l  i g h t  value by 3.8 per- 
cent  on MD7 ( t a b l e  4), The decrease i n  serum p ro te in  was s i g n i f i c a n t  (7.6 
percent) oii L+S, whe:: alhuniin, alpha-2 gSobulin, 2nd bets. globull’n as wel l  as 
gamma g l  obul i n  were decreased (tab1 e 5). 
g lobu l ins  d i d  not change S ign i f i can t l y ,  b u t  on L+12/13 alpha-1 and alpha-2 
y lobul  i n  were s i g n i f i c a n t l y  increased. I n  a l l  crewmembers gamma g lobul  i n  
decreased dur ing the  p r e f l i y h t  per iod t o  l e v e l s  s i m i l a r  t o  those o f  simula- 
t i o n  subjects, which d id  no t  change throughout the  experiment. 
From the  second i n f l i g h t  measurement (MD7) through a t  l e a s t  12 hours 
a f te r  landing, f e r r i t i n  i n  crewmembers increased s i g n i f i c a n t l y  over i t s  pre- 
f l i g h t  leve l .  I n  the  s imu la t ion  p a r t  o f  t he  experiment, f e r r i t i n  was s ign i -  
f i c a n t l y  decreased on L+8 and L+12/13; these were the  on ly  s i g n i f i c a n t  
changes i n  serum p ro te ins  o f  s imulat ion subjects. 
A1 bumi n, haptogl ob i  n, and be ta  
Effects of Countermeasures and Change i n  S1 eep-Wake Cycle 
Since t h e  number o f  crewmembers was small, changes t h a t  might  have been 
caused by tak ing  countermeasures were sought i n  s imulat ion subjects  as wel l  
as crewmembers. 
t h e i r  counterparts i n  the  s imulat ion had ingested ex t ra  f l u i d  and taken s a l t  
On landing day and/or L+1, a f t e r  t he  mission s p e c i a l i s t s  and 
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tab1 ets, they had a 1 ower eosinophi l  percentage,. monocyte percentage and 
number, and l e v e l  o f  t r a n s f e r r i n  (appendixes D and E ) .  
monocyte number was s i g n i f i c a n t  ( p  < .Os) when analyzed by an unpaired 
t - t es t .  On land ing  day, serum p ro te in  d i d  no t  increase i n  crewmembers and 
subjects who had taken countermeasures as i t  d i d  i n  the  others. 
Crewrnembers o r  subjects were d iv ided i n t o  groups by work-rest s h i f t  t o  
perform analyses t o  determine e f f e c t s  o f  s h i f t  on the  resul ts .  
d i f ferences between s h i f t  groups were seen i n  both pa r t s  o f  the  experiment: 
on MD1,  t he  number o f  ery throcytes and leukocytes increased on ly  i n  crewmem- 
bers o r  subjects  on the  f i r s t  s h i f t .  R P I  and the  percentage and number o f  
re t i cu locy tes  increased only  i n  the  second s h i f t  o f  crewmembers on M D 1  and i n  
the  second s h i f t  o f  s imulat ion subjects on F-1. On F-1, mean corpuscular 
volume (MCV) d i d  not  decrease as much i n  t h e  f i r s t  s h i f t  as i n  the  second and 
the  percentage and number o f  eos inophi ls  increased i n  the  f i r s t  s h i f t  and 
decreased i n  t h e  second s h i f t .  
The d i f f e rence  i n  
The fo l low ing  
DISCUSSION 
Circadian Rhythms 
Cor t i so l ,  calcium, and potassium were found t o  have s t a t i s t i c a l l y  s ign i -  
, f i c a n t  c i rcad ian  rhythms 6 months before f l i g h t ,  b u t  there  appeared t o  be no 
s i g n i f i c a n t  phase change i n  these rhythms dur ing the  experiment (appendix 
A ) .  Urinary c o r t i s o l  i s  considered t o  be a very re1 i a b l e  index o f  c i rcad ian  
system func t ion  ( K l e i n  and Weymann, 1979; Reinberg, 1979). Six months before 
the  f l i g h t ,  t h e  peak l e v e l  o f  u r i na ry  c o r t i s o l  occurred between 0700 and 1000 
hours i n  crewmembers who were t o  be on the  second s h i f t .  This peak t ime had 
not  changed s i g n i f i c a n t l y  3 days before launch i n  s p i t e  o f  t he  change i n  
work-rest schedule begun 11 days before; even a f t e r  the  f l i g h t  no s i g n i f i c a n t  
d i f f e rence  was observed i n  the  phase o f  t h e  c o r t i s o l  rhythm. Therefore, it 
appears t h a t  no s h i f t  i n  c i rcad ian  rhythm o f  metabolic funct ions occurred i n  
response t o  the  a l te red  work-rest schedule (see appendix A f o r  a more 
de ta i l ed  discussion).  
P r e f l i g h t  Per iod 
The p r e f l i g h t  changes i n  lymphocytes, monocytes, re t i cu locy tes ,  hemato- 
c r i t ,  and other  parameters which were observed i n  the  mission and payload 
spec ia l i s t s  o f  Spacelab 1 d i d  not  occur i n  the  commander o r  p i l o t  and have 
not  been observed i n  other  f l i g h t  ser ies o r  i n  previous S h u t t l e  f l i g h t s .  A 
consis tent  p r e f l  i g h t  change observed by another team o f  Space1 ab invest iga-  
t o r s  (K i rsch  e t  a1 ., 1984) was an increase i n  cent ra l  and per iphera l  venous 
pressure between F-8 and F-1. 
unknown. R e l a t i v e l y  few o f  t he  p r e f l i g h t  measurements were outs ide the  nor- 
mal range f o r  t h e  i nd i v idua l ,  but  the  f a c t  t h a t  changes i n  the  same d i r e c t i o n  
occurred i n  a l l  f ou r  subjects f o r  so many parameters i nd i ca tes  t h a t  t he  
changes were no t  due t o  chance alone, c i r cad ian  rhythm s h i f t s ,  o r  premedica- 
t i o n  w i t h  ant i -mot ion sickness drugs. 
not  occur i n  s imu la t ion  subjects suggests t h a t  the crew showed the  e f f e c t s  o f  
p r e f l i g h t  preparat ions no t  shared by t h e  non-astronaut subjects. 
The cause o f  the p r e f l i g h t  changes i s  
The f a c t  t h a t  p r e f l i g h t  changes d i d  
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o f  lymphocytes decreases as a r e s u l t  o f  s t ress (Hoagland e t  a1 . , 1946), 
whereas it increased dur ing t h e  Spacelab 1 p r e f l i g h t  period, and gamma globu- 
l i n  l e v e l s  increase as a r e s u l t  o f  i n fec t i on ,  whereas they decreased dur ing 
the  p r e f l i g h t  period. Monocytosis and lymphocytosis, both of  which are 
associated w i t h  some types o f  i n fec t i on ,  d i d  occur du r ing  the  p r e f l i g h t  
period, but a t  d i f f e r e n t  times, w i t h  monocytosis occurr ing f i r s t .  The number 
o f  monocytes increased from 0.09 t o  0.49 X l O g / l i t e r  between F-65 and F-7, 
and the number o f  lymphocytes increased from 1.9 t o  2.7 X I O g / l i t e r  between 
F-7 and F-1. The number of lymphocytes may have been affected by anti-motion 
sickness medication, since it was higher i n  premedicated crewmembers. 
drawal o f  blood dur ing the  p r e f l i g h t  per iod might be expected t o  r e s u l t  i n  an 
increase i n  r e t i c u l o c y t e  production, but instead the propor t ion and number of 
ret icuaocytes decreased. 
period. 
The p r e f l i g h t  changes camp1 i c a t e d  i n t e r p r e t a t i o n  o f  t he  r e s u l t s  i n s o f a r  
as comparison o f  i n f l i q h t  and p o s t f l i g h t  changes t o  the  p r e f l i g h t  per iod i s  
concerned; i n f l - i g h t  and p o s t f l i g h t  measurements were compared t o  the  mean o f  
measurements from F-65 and F-7 samples. 
With- 
R P I  was high a t  t he  beginning o f  the p r e f l i g h t  
Sample Storage 
Storage o f  b lood samples dur ing the f l i g h t  i s  no t  thought t o  have had . 
s i g n i f i c a n t  e f f e c t s  on the  conclusions from t h i s  experiment. 
storage a t  room temperature ( 2 2 O  C)  and a t  4" C were i nves t i ga ted  w i t h  18 
con t ro l  samples. I n  some samples, swel l ing o f  ery throcytes apparently occur- 
red a t  both temperatures; hematocrit, MCV, and RBC d i s t r i b u t i o n  width 
increased s i g n i f i c a n t l y  and MCHC decreased s i g n i f i c a n t l y  w i t h i n  3 days a t  
The e f f e c t s  o f  
l e t s  had decreased a f t e r  7 days o f  
5 days, hemoglobin increased by 3 per- 
r c e n t  (unpubl i shed observat 
of n 
12 
r a t u r e  f o r  a t  l e a s t  25 days. 
s a t  -20O C a f fec ted  some of t he  c l i n i c a l  
Storage o f  10 
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Summary o f  Time Course o f  Changes 
On the  f i r s t  i n f l i g h t  sampling day, hemoglo 
ophi 1 s were increased and e ry th ropo ie t  
t e s  and lymphocytes, -gamma globul in,  os 
decreased from p r e f l  i g h t  1 eve1 s. Sim i la r  r e s u l t s  
i n f l i g h t  sampling day except t h a t  t he  lymphocyte number was increa 
o f  decreased, f e r r i t i n  and ery throcyte counts had increased, and the  percent- 
age and number o f  monocytes had decreased. Hematocrit was lower than it had 
been on MD1. 
Immediately a f t e r  landing, hemoglobin, r e t i c u l o c y t e  percentage and 
number, f e r r i t i n ,  e ry th ropo ie t i n ,  and gamma globul  i n  remained changed as they 
were dur ing f l i g h t ,  b u t  MCHC had increased and serum iron, d iscocy te  percent- 
age and number, monocyte percentage, ery throcyte count, hematocrit, and a 
propor t ion o f  r e t i c u l  ocyte cytoplasm occupied by RNA had decreased. Red c e l l  
mass, plasma volume, and blood volume, which had not been measured i n f l i y h t ,  
had decreased. Twelve hours a f t e r  landing (L+ l ) ,  hematocrit, e ry th rocy te  
count , MCHC, f e r r i  t i n , erythropoi  e t  i n , r e t i  cul ocyte percentage and number, 
serum iron, discocytes, and gamma globul i n  remained changed t o  approximately 
the extent t h a t  they were dur ing f l igh, t .  
decreases i n  osmola l i ty  and sodium, Ret icu locyte RNA had increased again, 
A week a f t e r  landing, many parameters had not  returned t o  t h e i r  pre- 
f l i g h t  leve ls .  Erythrocyte count, ery thropoiet in ,  osmolal i ty,  sodium, r e t i -  
culocyte percentage and number, serum i ron ,  discocytes, hematocrit, and gamma 
g l o b u l i n  remained lower than they were before t h e  f l i g h t .  Red c e l l  mass also 
had not recovered, but  plasma volume and r e t i c u l o c y t e  RNA were s l  i g h t l y  
higher than p r e f l i g h t  leve ls .  There was an increase i n  percentage and number 
of  echinocytes and a decrease i n  t o t a l  prote in .  Even a f t e r  almost 2 weeks on 
the  ground, hemoglobin, ery thropoiet in ,  sodium, serum i ron ,  discocytes, 
osmolal i ty, hematocri t ,  ery throcyte count, and gamma g l o b u l i n  remained s ig-  
n i f i c a n t l y  1 ower than dur ing the  p r e f l  i g h t  period. 
number and alpha-2 g l o b u l i n  were increased a t  t h i s  time. 
(Many o f  these changes were not  s t a t i s t i c a l l y  s ign i f i can t . )  
The main changes from L+O were 
Monocyte percentage and 
Erythrocyte Prodtrction and Destruct ion 
The p o s t f l i g h t  decrease i n  red c e l l  mass i s  t he  normal f i n d i n g  a f t e r  
space f l i g h t .  It could have been caused by a suppression o f  e ry th rocy te  
production, sequestrat ion o f  erythrocytes i n  an organ such as t he  spleen o r  
bone marrow, c e l l  l y s i s ,  l o s s  o f  blood, o r  extravasation. Red c e l l  mass 
decrease a f t e r  Skylab f l  i g h t s  was thought t o  be a r e s u l t  o f  bone marrow 
i n h i b i t i o n  because o f  t he  lower p o s t f l i g h t  l e v e l s  o f  r e t i c u l o c y t e s  and t h e  
long 'de lay before the  p r e f l i g h t  l e v e l  o f  red c e l l  mass was a t t a i n e d  (Johnson 
e t  a1 . , 1977). 
been measured were exposed t o  elevated oxygen p a r t i a l  pressures a t  some t ime 
o r  dur ing f l i g h t ,  oxygen i n h i b i t i o n  o f  bone marrow func t i on  or  even 
peroxidat ion o f  red blood c e l l  membrane w i t h  shortened red blood c e l l  l i f e  
span were possib le  causes of red c e l l  mass decreases (Johnson, 1983)- Since 
Spacelab 1 crewmen were not  exposed t o  100 percent oxygen o r  hyperoxia a t  any 
i n g  t h i s  f l i g h t ,  hyperoxia was not a cause o f  t he  decrease i n  red 
o f  corpuscular volume i s  u n l i k e l y  t o  have contr ibuted t o  the  
Because other  American astronauts whose red c e l l  mass has 
experiment. Since MCV d i d  no t  decrease s u b s t a n t i a l l y  a t  
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red c e l l  mass loss. Such a rap id  decrease i n  red c e l l  mass i s  u n l i k  
have ‘-been caused e n t i r e l y  by 1 ack o f  production. 
Six o f  the e i g h t  crewmembers who p a r t i c i p a t e d  i n  the  f i r s t  f ou r  Space 
ssions showed decreases i n  r e t i c u l o c y t e  numbers (Taylor, 
t e  l e v e l  s were as low as 44 pe o f  p r e f l  i g h t  values 
ab missions (Kimzey, 1979). A f  he shor test  mission ( 
t e  count had not a t ta ined norma e l s  by 21 days a f t e r  
On the  other  hand, a f t e r  t h e  longer  Skylab missions (59 and 84 days 
l o c y t e  counts had surpassed normal l e v e l s  by 7 days p o s t f l i g h t .  
i c a n t l y  dur ing o r  a f t e r  t h e  f l i g h t .  
a l l  crewmembers a t  t he  same time. When r e t i c u l o c y t e s  were counted manually, 
t h e  r e t i c u l o c y t e  number was decreased from p r e f l i g h t  l e v e l s  i n  a l l  crewmem- 
bers on MD7 (55 percent) and L+O (61 percent). By L+l  t he  number o f  r e t i c u -  
l ocy tes  had increased t o  on ly  15 percent below the  p r e f l i g h t  l eve l ,  and by 
L+12/13 t he  number was o n l y  2 percent below p r e f l i g h t  l eve l s .  
measured by f? ow cytomet ry, the  percentage o f  r e t i c u l o c y t e s  was more stab1 e 
on the  3 p r e f l i g h t  days than i t  was when measured by the  manual method. The 
percentage decreased i n  th ree  crewmembers on MD1, bu t  i n  one person the  pro- 
p o r t i o n  of r e t i c u l o c y t e s  more than doubled. 
i n  whom plasma volume increased instead o f  decreasing on L+O. His p r e f l i g h t  
red c e l l  mass was higher than t h a t  o f  any other  crewmember and i t  had 
decreased the  l e a s t  when measured on L+O.) 
were omitted from the  ca lcu lat ibns,  a decrease o f  10 percent occurred on MD1, 
but  it was not s t a t i s t i c a l l y  s i g n i f i c a n t .  Except for  an increase i n  two 
crewmembers on L+12/13, t h e  p o s t f l i g h t  increase i n  percentage and number o f  
r e t i c u l o c y t e s  seen when r e t i c u l o c y t e s  were counted by the  manual method was 
no t  seen when they were counted by f l ow  cytometry. 
Reasons f o r  t he  discrepancy i n  r e s u l t s  obtained by the  two methods are 
unclear. Results obtained by the  manual counting method were reproducible, 
but  a much l a r g e r  number o f  c e l l s  (50,000 i n  each sample) was counted by f l ow  
cytometry. On the  other  hand, the  manually-obtained counts may be more c l i n -  
i c a l  7y re1 evant, 
The aiisunt o f  RNA i n  r e t i c u l o c y t e  cytopfasn: i s  considered t o  be a meas- 
ure o f  r e t i c u l o c y t e  age (Bessis e t  al., 1973). The t ime a t  which the  great- 
e s t  propor t ion o f  young r e t i c u l o c y t e s  was measured was L+8. It i s  possible, 
however, t h a t  dur ing weightlessness RNA i s  removed from r e t i c u l o c y t e  cyto- 
plasm sooner than i t  i s  on t h e  ground. 
E ry th ropo ie t i n  l e v e l s  were higher than the normal range (Dunn e t  al., 
1984) i n  a l l  crewmembers on a l l  t h ree  p r e f l i g h t  sampling days. During the 
f l i g h t  e ry th ropo ie t i n  decreased i n  a l l  crewmembers, t o  very low l e v e l s  i n  
t h r e e  o f  them, b u t  i n  the  analys is  of data from a l l  crewmembers the  changes 
were no t  s i g n i f i c a n t .  Most subjects i n  the s imulat ion p a r t  o f  t he  experiment 
had high p r e f l i g h t  e r y t h r o p o i e t i n  l e v e l s  also, e s p e c i a l l y  on the  day before 
bed r e s t  began. Af ter  24 hours o f  bed rest ,  t he  mean l e v e l  o f  e r y t h r o p o i e t i n  
was only s l i g h t l y  lower than the  p r e f l i g h t  mean (F-65 and F-71, bu t  i t  was 
considerably lower than on day F-1. 
decrease i n  serum e r y t h r o p o i e t i n  i n f l  i g h t  suggests t h a t  i n h i b i t i o n  of ery- 
t h r o p o i e t i n  secretion, which could have resul ted from a change i n  the per- 
f us ion  r a t e  o f  t he  kidneys, d i d  not  occur. 
I n  the present study, t he  number o f  r e t i c u l o c y t e s  d i d  not change s i g n i f -  
However, some o f  t h e  changes occurred i n  
Resul ts obtained by f l ow  cytometry were somewhat d i f f e r e n t .  When it was 
(He was a lso the only crewmember 
When the data from t h a t  person 
The f a i l u r e  t o  f i n d  a s i g n i f i c a n t  
The method used should have been 
t o  measure as s i g n i f i c a n t  a 50 percent decrease i f  i t  had occurred 
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consistently (coeff ic ient  of variation = 25 percent) . Ho 
1 arge between-subject v a r i a t i o n  i n  these determinations; 
number of subjects m i g h t  have resulted i n  a difference of 
icance. 
days) had increased blood and urine levels of erythropoi 
(Legen' kov et  a1 . , 1977) . 
for the erythropoietin assay, because several methods which complement each 
other are available (Lange e t  al . ,  1980) and m i g h t  indicate why preflight 
levels appear t o  be increased. 
There was no s t a t i s t i c a l l y  s ignif icant  change i n  t ransferr in ,  serum 
iron, or iron-binding capacity (which was a t  the upper end of the normal 
range a1 though percentage saturation of t ransferr in  was a t  the lower end) . 
Incorporation of 59Fe injected before launch was normal on landing. These 
resu l t s  indicate t h a t  there  was no deficiency of iron available for  erythro- 
poiesis during f l igh t .  The nonsiynificant decrease i n  t ransferr in  dur ing  
f l i gh t  m i g h t  have been due to  lack of exercise compared t o  preflight exercise 
levels  (Poortmans, 1971; Haralambie, 1973). The f ac t  t h a t  ATP and 2,3-DPG 
did not change s ignif icant ly  indicates tha t  high blood levels of phosphate 
probably did not contribute t o  suppression o f  erythropoiesis (Johnson, 1983). 
Deviations from the u n i q u e  biconcave discoid shape of the red blood cell  
are associated w i t h  a number of hemolytic disorders (Bessis e t  a1 . , 1973) . 
Properties of the plasma can cause reversible changes i n  red cell  shape. 
Therefore red cel l  shape changes can indicate disturbances of cel l  function 
o r  of plasma composition. An extensive study of erythrocyte shape i n  pre- 
f l i gh t ,  infl  ight, and postfl ight blood samples from Skylab astronauts was 
made by Kimzey (1975, 1977). These studies indicated tha t  the proportion of 
stage 1 echinocytes increased in f l igh t ,  b u t  had returned t o  normal by the 
f i r s t  blood draw a f t e r  landing. In the present study, the proportion and 
number of echinocytes increased dur ing  and a f t e r  f l i gh t .  Red cell  shape was 
n o t  examined in the simulation part o f  this experiment, b u t  i n  ground simula- 
t ions of Skylab f l i gh t s ,  there were no s ignif icant  changes in red cell  shape 
(Kimzey, 1973). For this reason the red eel1 shape changes d u r i n g  Skylab 
m i s s i m s  we thought t o  have been a result of weightlessness. 
Some of ' the  ex t r ins ic  factors  t ha t  are  known t o  cause transformation of 
discocytes to  echinocytes are f a t ty  acids,  detergents, hypertoxicity, 
increased pH, cer ta in  drugs,  and tannic acid (Kimzey, 1977). 
monkeys (Dunn et  al . ,  1983) and r a t s  (Rao et a1 ., 1979), changes i n  erythro- 
cyte shape dis t r ibut ion have been shown t o  result  from dietary changes; i n  
the study by Rao e t  a1 ., the shape changes were reversible upon return to  a 
normal diet .  
a f t e r  t h e  Skylab and Spacelab missions suggests  t ha t  t h e  ra te  of clearance of 
echinocytes was increased o r  t ha t  a readily reversible change i n  plasma con- 
stituents was responsible for echinocyte formation. 
deterniine what constituent might have been responsible because most of the 
substances (including cholesterol,  l ec i th in ,  lysolecithin,  free f a t ty  acids, 
and a lbumin)  known to  cause transformation o f  the type observed were not 
measured inf l ight .  
by the reticuloendothelial system (Rifkind, 1966), and i t  seems l ike ly  tha t  
shape transformation of erythrocytes was responsible for part of the decrease 
Salyut-4 cosmonauts, especial ly  those on short 
I t  would b e  desirable i n  future experiments t o  u e more than one method 
In squirrel 
The  rapidity of the el i m i  nation of echi nocytes immedi ately 
I t  was not possible t o  
The only one of these substances tha t  was measured i n  the  
study was albumin, and i t  did not change significantly.  
hinocytes are thought t o  be removed early from the circulatory system 
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and erythropoietin, and greatest  increase i n  band neutrophils.) 
haptoglobin levels i n  most of the crewmembers indicate that  they may have 
"sports anemia" (Hi ramatsu, 1960; Lindemann, 1978),  a1 though they do not 
appear t o  have the decreased hematocrit associated w i t h  th is  condition. 
Haptoglobin increased a f t e r  the Apoll o fl i g h t s  (Kimzey e t  a1 . , 1975) , 
Serum f e r r i t i n  was increased i n  the second in f l igh t  sample and a t  L+O 
and L+1. In simulation subjects, f e r r i t i n  d id  not increase, b u t  decreased 
s ignif icant ly  a t  L+8 and L+12/13. An increase i n  serum f e r r i t i n ,  which i s  
t h o u g h t  t o  be secreted by t h e  reticuloendothelial system, can indicate the 
presence of s t r e s s  or an abnormal condition such as inflammation, l i ve r  
disease, red cell  hemolysis, abnormal erythropoiesis, o r  hemochromatosis 
( i ipschi tz ,  1980; Pilon e t  a l .  
i n  number o f  white blood ce l l s  and i n  the proportion of neutrophils would be 
consistent w i t h  the occurrence of inflammation ( F i n c h ,  1972) b u t  no other 
symptoms of inflammation were noted, Intravascul a r  hemolysis seems unf i kely 
because haptoglobin levels  d i d  not change. The increase i n  f e r r i t i n  may have 
affected the calculated percentage saturation of t ransfer r in ,  b u t  a t  t + O  a 
re1 atively 1 arge (bu t  not s t a t i s t i c a l l y  s ignif icant)  change i n  saturation 
level occurred while the f e r r i t i n  level rmained stable. 
Normally low 
1980; Cook and S k i k n e ,  1982). The increase 
F l u i d  Redistribution and I t s  Effects 
Hemoglobin, the only erythrocyte hematology parameter measured i n  
in f l igh t  samples from the Skylab missions, was elevated i n  the f i r s t  in f l igh t  
sample, b u t  returned t o  normal du r ing  each f l i gh t  (Kimzey, 1975). Inflight 
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prefl i y h t  level. 
t h a n  t h a t  found after previous flights. 
decreased . 
hematocrit, and'hemoglobin are believed t o  be effects o 
plasma volume. In head-down bed rest studies (Nixon e t  
e t  a1 . , 1980), plasma volume has been observed t o  decrease as early as  6 
hours after bed rest began. 
a decrease i n  production or a delay i n  release of erythrocytes, which would 
tend t o  bring hematocrit back t o  normal. 
was closest t o  preflight levels on MD7. 
sumed t o  be a result of cephalad f l u i d  shifts, and i t  has been proposed 
(Gauer and Henry, 1963; Leach, 1979) t h a t  a similar phenomenon occurs i n  
space f l i g h t .  
tral venous pressure lead t o  a decrease i n  plasma volume (Leach e t  a1 ., 
1983). In  the present study, plasma volume was not measured during f l i g h t ,  
b u t  venous pressure was measured (Kirsch e t  a1 . , 1984). Venous pressure was 
lower i n  a l l  crewmembers on MD1 t han  on F-1. The f l u i d  sh i f t  i s  t h o u g h t  t o  
have occurred during the f i r s t  3 t o  6 hours of f l i g h t .  A t  L+O plasma volume 
was decreased by about the same percentage i n  simulation subjects as i t  was 
he Spacelab 1 crew, an indication that f l u i d  shift caused by bed rest or 
e f l i g h t  was responsible for the change i n  plasma volume. 
Ked cell mass and several other parameters associated w i t h  erythrocyte 
Hemoglobin, 
Soviet investigators have found t h a t  erythro- 
ntrast, changes i n  plasma volume and venous pressures were not so . 
The L+O decrease (6 
and pl  asma volume contribut 
t y  was slightly increased, b 
In the present study, 
t o  a decreas 
'The very early inflight and bed rest increases i n  
A later effect of decreased plasma volume may be 
In Spacelab crewmembers, hematocrit 
The early decrease i n  plasma volume observed i n  bed rest studies i s  pre- 
Head-down bed rest studies indicate t h a t  early changes i n  cen- 
production,did not recover w i t h i n  12 t o  13  days after landing. 
hematocrit, and the number of erythrocytes and discocytes were significantly 
1 ower than prefl iyht levels. 
cyte count did not return t o  normal u n t i l  6 weeks after the end of 96- t o  
Peripheral venous pressure, which increased a t  L+O (1 hour after 
l a n d i n g )  , decreased again by L + l ,  b u t  had begun t o  return t o  preflight levels 
by L+8. Central venous pressure d i d  no t  increase so much a t  L+O as peri- 
pheral venous pressure d i d ,  b u t  i t  s t i l l  decreased i n  most crewmembers by 
L+1. I n  two crewmembers i t  decreased again between L+1 and L+8 (Kirsch et  
a l . ,  1984). 
t i o n  of shifted f l u i d .  
better w i t h  the body's water balance (Kirsch et a l e ,  1984). Plasma volume 
had increased s l igh t ly  above the preflight mean by L+8, and blood volume was 
close t o  its preflight mean. The decrease i n  hematocrit was probably related 
t o  the increase i n  plasma volume. 
The late increase i n  echinocytes ( a t  L+8), in view of the fact t h a t  an 
increase i n  echinocytes occurred during f l i g h t  i n  the Skylab missions (which  
were considerably longer than the Spacelab mission), may be due t o  the set- 
t i n g  i n  motion in f l  ight of processes t h a t  continued postfl i g h t .  Increase's i n  
increase later. These increases seem inconsistent w i t h  the continuously low 
levels of e l e  t h a t  they resulted from release 
of sequeste er than from resumption of 
f l i g h t s  (Vorobyov et a1 ., 1983). 
The h i g h  pressures a t  L+O were t h o u g h t  t o  be due t o  redistribu- 
By L+8, the central venous pressure corresponded 
oportion of RNA i n  reticulocytes a t  L+8 and i n  the percentage of retic- 
es a t  L+12/13 indicate t h a t  the level of mature erythrocytes will 
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i n te r rup ted  ery thropoi  e s l  s. Analysis o f  b l  ood sampl-es taken 1 a t e r  dur ing t h e  
p o s t f l i g h t  per iod would be useful  i n  cons t ruc t ion  o f  a more complete t ime 
course o f  red c e l l  mass l o s s  and recovery. 
A computer s imulat ion of t h e  Spacelab 1 experiment has been performed i n  
which zero g r a v i t y  was simulated by decreasing plasma volume by 500 m l  i n  t he  
f i r s t  12 hours of t he  " f l i g h t "  and blood volume was reduced according t o  the  
b lood draw schedule (appendix C). 
decreased dur ing " f l i g h t "  (though on ly  about h a l f  as much as dur ing the  
actual  f l i g h t )  and had no t  recovered by 3 weeks a f t e r  "landing." Hematocrit 
increased dur ing the  simulated f l i g h t  mure than dur ing the  actual f l i g h t ,  bu t  
had decreased by 12 hours a f t e r  " landing" and remained low f o r  3 weeks. Ery- 
t h r o p o i e t i n  decreased e a r l y  i n  the  " f l i g h t " ,  but  increased soon a f t e r  "land- 
i ng; ". t h i s  was the  grea tes t  qual i t a t i v e  d i  f ference between the  simul a t i o n  and 
the  f l i g h t  resul ts .  Resul ts  o f  the  wmputer  s imulat ion lend support t o  the  
idea t h a t  an ea r l y  decrease i n  plasma volume caused some o f  t he  hematologic 
changes found i n  the  present study, but  t he  d i f fe rences  between r e s u l t s  f o r  
t h e  actual f l i g h t  and those f o r  t he  computer s imulat ion i n d i c a t e  a need f o r  
continued ref inement o f  t h e  computer model. 
The response o f  plasma volume and re la ted  parameters i n  the  Spacelab 1 
crewmembers was q u a l i t a t i v e l y  s i m i l a r  i n  several respects t o  t h a t  o f  subjects 
taken t o  high a l t i t u d e  and returned t o  sea leve l ,  When subjects are exposed 
t o  h igh a l t i t u d e  (2300 meters o r  higher)  f o r  several weeks, t h e i r  plasma 
volume decreases and hematocr i t  increases dur ing the  exposure ( D i l l  e t  a1 . , 
1969; Hannon e t  a1 ., 1969; D i l l  e t  al., 1974). When they are returned t o  sea 
l e v e l  plasma volume re tu rns  t o  normal a f t e r  about a week, b u t  hematocri t  and 
hemoglobin usua l ly  decrease and remain low f o r  3 weeks o r  more. High a l t i -  
tude nat ives normally have h igh hematocr i t  (due t o  an increase i n  red c e l l  
mass) and hemoglobin (Merino, 1950), which decrease when subjects are taken 
t o  sea l e v e l  and r e t u r n  t o  t h e i r  normal h igh l e v e l s  upon re tu rn  t o  h igh a l t i -  
tude (Ja in  e t  a l .?  1981). 
I f  there  i s  indeed an e a r l y  decrease i n  plasma volume dur ing space 
f l i y h t ,  i n  Spacelab 1 i t  occurred whi le  plasma l e v e l s  o f  a n t i d i u r e t i c  hormone 
(ADH) i n  a t  l e a s t  two crewmembers were very high (Dr .  K. A. Kirsch, personal 
communication), 
plasma ADH dur ing bed r e s t  (Nixon e t  al,, 1979!, 
u r i na ry  ADH occurred i n  the  two longer  Skylab f l i g h t s  ( teach and Rambaut, 
1977), 24-hour u r i ne  r e s u l t s  are not necessar i ly  comparable t o  plasma concen- 
t ra t i ons .  The former measurement i s  a summation o f  excret ion whi le  the  l a t -  
t e r  i s  a s ing le  t i m e - c r i t i c a l  measurement. Aldosterone, which decreased dur- 
i n g  the  Spacelab f l i g h t ,  increased sharp ly  between L+O and L+l and had 
returned t o  p r e f l i g h t  l e v e l s  by L+8 (Dr. K. A. Kirsch, personal comrnunica- 
t i o n ) .  
prevent a decrease i n  plasma volume, b u t  when aldosterone, which also causes 
water and sodium re ten t ion ,  increased, plasma volume d id  also. A l l  four  
crewmembers l o s t  4 t o  5 percent o f  t h e i r  body weight between F-1 and L+O 
(K i rsch  e t  al., 1984), bu t  began t o  regain it soon a f t e r  landing. 
study, coi i ld have c m t r f b u t e d  t o  the decrease i n  plasma vo!ume. 
motion sickness medicat ions used can decrease hunger and t h i r s t .  
have a f fec ted  the  i n i t i a l  i n f l  i g h t  specimen by acce le ra t ing  any dehydrat ion 
r e s u l t i n g  from adaptat ion t o  micrograv i ty ,  b u t  t he  f a c t  t h a t  decreases i n  
sodium dur ing f l i g h t  are matched by decreases i n  osmola l i t y  ind ica tes  t h a t  
I n  t h i s  simulat ion, red c e l l  mass 
This  r e s u l t  con t ras ts  w i t h  a reported e a r l y  dewease i n  
Altholrgh ;1 decrease in 
Apparently t he  ADH was not  e f f e c t i v e  i n  r e t a i n i n g  enough f l u i d  t o  




dehydration d i d  not  occur. 
termeasure had no apparent e f f e c t  on plasma volume when i t  was measured. 
Use o f  phys io log ica l  sa l i ne  so lu t i on  as a coun- 
Leukocytes were increased on day L+O i n  Apol 1 o (Kimzey e t  a1 . , 1975), 
Skylab (Kimzey, 1977), and Shu t t l e  t e s t  f l i g h t  (Tay lor ,  1983) astronauts, and 
i n  a l l  cases the  increase was a t t r i b u t e d  t o  an increased number o f  neutro- 
ph i l s .  I n  the  present study, t he  number o f  leukocytes and neut roph i l s  d i d  
no t  change s i g n i f i c a n t l y ;  the  number o f  leukocytes increased only  i n  crewmem- 
bers on t h e . f i r s t  s h i f t .  The propor t ion  o f  eos inophi ls  and monocytes may 
have been a f fec ted  by s a l t  and water ingest ion,  although a mechanism f o r  such 
an e f f e c t  i s  not  obvious. An increase i n  the  propor t ion  and number o f  eosin- 
o p h i l s  i n  crewmembers on the  f i r s t  s h i f t  and a decrease i n  these parameters 
i n  crewmembers on the  second s h i f t  i s  a lso not r e a d i l y  explained, 
c e l l s ,  was seen i n  a l l  crewmembers, although t h e  band neut roph i l  percentage 
was h igher  i n  premedicated crewmembers. 
caused t h i s  response, b u t  i t  could a lso have been caused by sudden release o f  
c e l l s  froin the  bone marrow (Finch, 1972), poss ib ly  re la ted  t o  the  p r e f l i g h t  
decrease i n  the  propor t ion  o f  neutrophi ls .  
have been released a t  t h a t  time. 
occur i n  the  bed r e s t  subjects. 
Data from t h e  Skylab missions (Kimzey, 1977) showed no i n d i c a t i o n  o f  a 
response o f  the  plasma p ro te ins  t o  weightlessness. It i s  be l ieved t h a t  t h e  
combination o f  t h e  metabolic d ie t ,  the l a rge  amount o f  physical a c t i v i t y ,  and 
miss ion dura t ion  o f  Skylab f l i g h t s  prevented changes i n  plasma p r o t e i n  pro- 
f i l e s  which were found p o s t f l i g h t  i n  serum p ro te in  p r o f i l e s  o f  Apollo ast ro-  
nauts (F ischer  e t  a1 . , 1972; Kimzey e t  al., 1975). Changes i n  serum p ro te ins  
i n  Spacelab 1 crewmembers were a lso  d i f f e r e n t  from those described i n  s tud ies  
o f  Apo l lo  crewmen, whose t o t a l  serum p ro te ins  increased a f t e r  f l i g h t  l a r g e l y  
as a r e s u l t  o f  an increase i n  alpha-2 g lobu l in .  
s i g n i f i c a n t  decreases i n  t o t a l  p r o t e i n  probably resu l ted  from s i g n i f i c a n t  
decreases i n  gamma g l c b u l i n  which began duri'iig t he  p r e f l i g h t  period, when 
gamma g l o b u l i n  l e v e l s  were h igher  i n  crewmembers than i n  cont ro l  subjects. 
Such a change i n  gamma g l o b u l i n  i s  apparently not  c h a r a c t e r i s t i c  o f  S h u t t l e  
crewmembers (Tay lor ,  1983) and d i d  no t  occur i n  t h e  bed r e s t  subjects, The 
reason f o r  the  elevated gamma g l o b u l i n  a t  the f i r s t  p r e f l i g h t  sampling i s  
unknown , 
The mission s p e c i a l i s t s  and payload s p e c i a l i s t s  exh ib i t ed  a decrease i n  
percentaye and number o f  lymphocytes on the  f i r s t  i n f l  i g h t  sampl i n g  day. It 
i s  poss ib le  t h a t  s t ress  caused t h i s  change, bu t  as mentioned above, some o f  
t h e  p r e f l i g h t  hematologic r e s u l t s  were not  cons is ten t  w i th  a s t ress  
response. 
e f f e c t s  o f  space f l i g h t  (Voss, 1984)- 
The e a r l y  i n f l  i g h t  increase i n  band neutrophi ls ,  which are immature 
I n f e c t i o n  o r  s t ress  could have 
No other  blood c e l l s  appear t o  
An increase i n  band neut roph i l s  d i d  no t  
I n  the  present study, non- 
Immunogl obul i n s  o f  Space1 ab 1 crewmembers showed no s i g n i f i c a n t  
CONCLUSIONS 
The r e l a t i v e l y  l ony - las t i ng  p o s t f l i g h t  decrease i n  red c e l l  mass found 
i n  Spacelab 1 crewmembers was comparable t o  t h a t  found i n  o ther  f l i g h t s .  
magnitude (9.3 percent) and r a p i d i t y  o f  development i n d i c a t e  t h a t  it was n o t  
I t s  
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caused so le l y  by a decrease i n  e ry th rocy te  product ion 
an increase i n  blood phosphate was a cause o f  t he  dec 
There was no l ack  o f  
Red c e l l  shape t 
have contr ibuted t o  t 
p o s t f l i g h t  was no t  s i  
f a i l u r e  o f  serum hapt 
s i s  was not  a major cause o f  red c e l l  mass change. 
r i t i n  t h a t  occurred by t h e  second i n f l i g h t  sampling day was s t a t i s t i c a l l y  
s i g n i f i c a n t ;  t h i s  may i n d i c a t e  abnormal e ry th ropo ies is  o r  e a r l y  e ry th rocy te  
breakdown, b u t  i t  has a number o f  poss ib le  causes. E ry th ropo ie t i n  l e v e l s  
decreased dur ing and a f t e r  f l i y h t ,  but  p r e f l i y h t  l e v e l s  were h igh  and t h e  
decrease was not s i g n i f i c a n t .  
Ear ly  in . f l  i g h t  increases i n  e ry th rocy te  count, hematocri t  and hemoglobi n 
a re  thought t o  have resu l ted  from a hypothesized decrease i n  plasma volume 
caused by cephalad f l u i d  s h i f t s  i n  micrograv i ty .  It appears poss ib le  t h a t  a 
decrease i n  product ion o r  a delay i n  release o f  ery throcytes could be a l a t e r  
e f f e c t  o f  decreased plasma volume; e i t h e r  o f  these would cause a decrease i n  
red c e l l  mass. However, plasma volume returned t o  p r e f l i g h t  l e v e l s  a t  l e a s t  
a week before red c e l l  mass recovered. 
The major cause o f  t h e  decrease i n  red c e l l  mass r e s u l t i n g  from space 
f l  i g h t  remains uncertain, a1 though t h i s  experiment has ru led  ou t  o r  decreased 
the  pl  a u s i b i l  i t y  o f  several p rev ious ly  suggested causes such as hyperoxia. 
It now appears t h a t  red c e l l  mass decreases dur ing  space f l i g h t  due t o  pre- 
mature loss o f  erythrocytes, poss ib ly  by des t ruc t i on  i n  the  spleen, along 
w i th  the  f a i l u r e  o f  t he  ery th ropo ies is  r a t e  t o  increase and make up f o r  the  
1 oss. 1 
Because o f  
d i f f e rences  i n  t h e i r  sleep-wake cyc le  and use o f  anti-motion sickness medi- 
ca t i on  and countermeasures, the  subjects were f a r  from being a homogeneous 
group, and problems such as changes dur ing t h e  p r e f l i g h t  per iod need t o  be 
invest igated.  It i s  the re fo re  necessary t o  view these r e s u l t s  as p re l  iminary 
u n t i l  more experiments can be done. Fur ther  s tud ies  w i t h  more subjects under 
more homogeneous cond i t ions  should prov ide many o f  the  answers t o  the ques- 
t i o n s  ra ised by t h i s  study. 
An increase i n  serum f e r -  
The number o f  subjects  i n  t h i s  experiment was q u i t e  small. 
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APPENDIX A 
EFFECTS OF ALTERED WORK-REST SCHEDULE ON CIKCADIUN RHYTHMS 
The a c t i v i t i e s  p1 anned f o r  Space1 ab 1 necessi tated work performance 
throughout each 24 hours. 
assiyned t o  e i t h e r  d iu rna l  work and nocturnal r e s t  ( r e l a t i v e  t o  Houston t ime) 
o r  t o  nocturnal work and d iu rna l  rest .  Astronauts 1 and 3 were assigned t o  
' the 1 a t t e r  s h i f t  work schedule. 
being adapted t o  a daytime rest ,  n iyh t t ime a c t i v i t y  pattern, an attempt was 
made t o  determine whether there was a s h i f t  i n  the  peak t ime (acrophase) o f  
t h e i r  c i rcad ian  rhythms. Several u r i na ry  var iab les  t h a t  had exh ib i ted  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  < .05) c i rcad ian  rhythm i n  a study done 6-8 
months before the f l i g h t  were selected f o r  study. The var iab les used were 
calcium, potassi urn, 17-hydroxycorticosteroids (17-OHCS) and ora l  tempera- 
ture.  Sequential u r i ne  voidings and frequent measurements o f  o ra l  tempera- 
tu res  were obtained dur ing the waking spans o f  the  3 days p r i o r  t o  f l i g h t  
( J u l i a n  days 325-329) and 4 t o  6 days a f t e r  landing (Ju l  ian days 343-349) . 
Calcium and potassium were determined by standard c l i n i c a l  methods (Trudeau 
and Fre ier ,  1967; T ie tz ,  1976), and c o r t i s o l  was determined by radioimmuno- 
assay (Foster  and Dunn, 1974). The data were analyzed by the cosinor method 
t o  determine t o  what extent, i f  any, phase s h i f t i n g  o f  these c i rcad ian  func- 
t i o n s  occurred. 
. I n  these f igures,  the. ord inate scale i nd i ca tes  by a p o s i t i v e  or neya- 
t i v e  s ign a? advance o r  delay i n  the  c i r cad ian  acrophase ( 4 )  r e l a t i v e  t o  t he  
basel ine c i rcad ian  acrophase (as determined i n  the  previous study and shown 
each astronaut on the  yraphs). 
i n  the  best poss ib le  estimates o f  the c i r cad ian  acrophase on a day-by-day 
basis, cosinor analyses were conducted on data sets o f  48-hour durat ion.  
Anailyses proceeded i n  a stepwise fashion; data f o r  each sequent ia l  24-hour 
For example, 
t he  acrophase shown f o r  the  48-hour span labeled ( J u l i a n  days) 343-344 on the 
abscissa was der ived from a cos inor 'analys is  o f  the  data from 0000 hours 
(Houston t ime) on the  day o f  landing (343) u n t i l  2359 hours on the next day 
(344); the acrophase f o r  the  span labe led  344-345 on the  abscissa was der ived  
from a cosinor analys is  o f  data obtained dur ing  the  48 hours extendiny from 
0000 o f  day 344 u n t i l  2359 o f  day 345, and so on. The same procedure was 
used f o r  the  p r e f l i g h t  data. 
Since the  basel ine acrophase o f  each va r iab le  was determined from da ta  
obtained wh i le  the  astronauts were adhering t o  d iu rna l  a c t i v i t y  and nocturnal  
sleep, it was expected t h a t  a 12-hour s h i f t  i n  the  ac t i v i t y - s leep  schedule 
would induce a corresponding s h i f t  i n  t he  c i r cad ian  t ime st ructure,  i f  not 
before f l i y h t  then c e r t a i n l y  by the  end o f  the  mission, assuming complete 
adjustment of the c i rcad ian  system t o  the new routirre. Thus, the acrcphase 
values f o r  each o f  the  var iab les were expected t o  e x h i b i t  a s i y n i f i c a n t  d i s -  
placement (1141 ) o f  about 12 hours (180 degrees) from the base1 i n e  by the end 
o f  the f l i g h t .  
Only f o r  u r i na ry  calcium ( f i y u r e  1 )  f o r  both astronauts and perhaps 
potassium (.f igure 2)  f o r  astronaut 1 was there  any evidence o f  c i r cad ian  
adjustment as detected by acrophase s h i f t s .  
began t o  s h i f t  i n  opposi te d i r e c t i o n s  i n  the  two astronauts before f l i y h t ,  
I n  order t o  meet t h i s  need, crewnembers were 
During the  per iod o f  i s o l a t i o n  before f l i g h t  when these astronauts were 
Fiyures 1 t o  3 dep ic t  t he  r e s u l t s  o f  the  cos inor  analyses appl ied t o  t h e  
To ensure a s u f f i c i e n t  data base t o  
were added as data f e r  the e a r l i e s t  24 hours Gere deleted, 
The acrophase o f  u r i na ry  calc ium 
A- 1 
but immediately a f t e r  landing i t  had s h i f t e d  by about 150 degrees i n  the  same 
d i r e c t i o n  (negat ive) i n  both astronauts. I n  astronaut 1 the acrophase f o r  
r e  f l i g h t .  Yet, p o s t f l i y h t  data were i n  f a i r l y  good agreement w i t h  
reference. O f  p a r t i c u l a r  i n t e r e s t  i s  u r i n a r y  17-OHCS ( f i g u r e  
a l l y  e x h i b i t s  a rhythm w i t h  r e l a t i v e l y  slow adjustment o f  i t s  
F igure 3 reveals a t  most 
t imes (days 326-327 and 343-344 f o r  astronaut 1 and days 344-345 f o r  
aut 3) were there dev iat ions from t h e  basel ine phase and these were 
exhib i ted a l a r g e  phase s h i f t  (about 165 degrees) from basel ine 
acrophase with- changes i n  the  work-rest routine. 
on ly  s l i g h t  d i f ferences i n  the phase o f  t h i s  rhythm from t h e  (d iu rna l  a c t i v -  
i ty)  basel ine phase, both immediately before f l i g h t  and afterward. Only f o r  
i n s i g n i f i c a n t ,  c o n s t i t u t i n g  a phase s h i f t  o f  no more than 3 hours. 
S u f f i c i e n t  data on ora l  temperature were ava i l ab le  from only astronaut 3 
dur ing the p o s t f l  i y h t  period. I n  most persons the  o r a l  temperature c i r c a d i a n  
rhythm e x h i b i t s  ra the r  rap id  adjustment t o  a1 t e r a t i o n s  i n  synchronizer 
schedule, but  i n  astronaut 3 the acrophase was displaced by *a on ly  a few 
hours before and a f t e r  f l i g h t ,  and dur ing the  p o s t f l i g h t  per iod the  t iming o f  
t he  acrophase d i d  not s t a b i l  i z e  around the  base1 i n e  reference time. 
It i s  d i f f i c u l t  t o  determine whether the  phase s h i f t s  t h a t  d i d  occur 
represent a t r u e  a l t e r a t i o n  i n  the staging o f  t he  c i r cad ian  rhythms or.”mask- 
r f e c t s  due t o  v a r i a t i o n  i n  meal composition and scheduling under the 
Since u r i n a r y  17-OHCS i s  considered t o  
ered r e s t - a c t i v i t y  schedule d i d  not occur. An a l t e r n a t i v e  explanat ion o f  
data i s  t h a t  t he  c i r cad ian  rhythm s ucture o f  the astronauts was desyn- 
ed due t o  incomplete phase adjus ent  o f  t he  many c i  rcadian var iab les 
e occurrence of Pree-runni rhythms. The l a t t e r  p o s s i b i l i t y  i s  suy- 
f the  d i f f e r e n t  studies; 
1 i abl-e index o f  c i  rcadi  an system s t a y i  ng (Rei nberg , 1979; K1 e i  n 
and Weymann, 1979), i t  i s  suyyesfed t h a t  chronobiologic adjustment t o  the  
gested. by the  f a c t  t h a t  the c i r c a  
exh ib i t ed  phase delays r e l a t i v e  t o  basel ine values even by 5 days post- 
f l i g h t .  Perhaps i n  t h e  Space Shu t t l e  environment other, more dominant, syn- 
n i ze rs  o f  c i r cad ian  rhythms are i n  operat ion than the  one c u r r e n t l y  
eved t o  be most i r t a n t  f o r  human beinys on Earth, t he  r e s t - a c t i v i t y  . The small unt o f  data avai lab le so far prevents us frorr~ drawing 
lus ions  about why most o f  t he  c i r cad ian  rhythms studied d i d  not 
a phase s h i f t .  
an rhythms o f  calcium and ora l  temperature 
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Figure 1 - Alteration i n  circadian acrophase of the urinary calcium rhythm 
immediately before (days 326-328) and a f t e r  (days 343-349) space f l igh t .  
Baseline 4 was derived by Cosinor using data from 2 t o  3 28-hour studies dur- 
ing which urines were collected vos'b by vciT'd. (For astronaut 1, number of 
samples (N) = 54 and fo r  astronaut 3 ,  N = 3 For urinary Ca++, a A+ of - 8 h 
was exhibited by each astronaut before f l i g h t  on days 327-328. T h i s  A+ of - 8 
h was similar t o  tha t  immediately postfl ight,  although w i t h  the passage of 
time, the 4 did not s t ab i l i ze  around the baseline values. Note tha t  the fit 
of the cosine approximation of 24 h i n  most cases was not s t a t i s t i c a l l y  s ig-  
nificant ( S S ) .  T h i s  could be due t o  "noisy" data or  t o  the bioperiodicity 
being different from exactly 24 h ( i  .e., free-running). + A 4  represents a 
phase advance i n  4; - ~ 4  represents a phase delay. 
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f i y u r e  2 - A l t e r a t i o n  -in the c i rcadian acrophase o f  the ur inary potassium 
rhythm immediately before (days 326-328) and a f t e r  (343-348) space f l  i y h t .  
Basel ine Q der ived from cosinor analysis o f  data obtained from 2-3 28-hour 
studies dur ing which sequential u r ine  voidings were col lected. (For astro- 
naut 1, the number o f  samples (N) = 54; f o r  astronaut .3, N = 30 ) Immedi- 
a t e l y  before f l i g h t  the 4 f o r  astronaut 1 was approximately 11 h; t h i s  was 
not  the case for astronaut 3.  A f t e r  f l i g h t  1343-3 } , the A b  from base1 i n  
was minor, equaling about 2 h without a suggestion f free-runni ng behavio 
I n  the case o f  astronaut 3, near ly a l l  the cosinor analyses were found t o  be 
s t a t i s t i c a l l y  s i g n i f i c a n t  (SS) f o r  c i rcadian rhythmici ty.  
phase advance i n  4; -4 represents a delay. 
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Figure 3 - Alteration in the circa se of the urinary 17-hydroxy- 
corticosteroid rhythm immedi ately 326-328) and after (343-348) 
space flight. as derived from cosinor analy- 
s is  o f  d a t a  obtained from 2-3 2 ur studies d u r i n g  which sequential urine 
voidi ngs were col1 ected. (For  onaut 1, the number o f  samples (N) = 54; 
f o r  astronaut 3 ,  N = 30 ) . Immediately days 326-328) and after flight 
(343-3491, the circadian Cp varied by n n 3 h ( i n  most instances less 
t h a n  2 h )  from the baseline value even s1 eep-wake routine was sup- 
posedly shifted by -12 h;  i.e., activi and rest by day relative t o  
Houston time. + A 4  represents a phase 
( S S  = s%atist ical  
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Figure 4 - A l t e r a t i o n  i n  the c i rcadian acrophase o f  the ora l  temperature 
rhythm immediately before (days 326-328) and a f t e r  (343-348) space f l i g h t .  
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APPENDIX B 
STATISTICAL ANALYSIS 
Computer programs o f  t he  S r i e s  (SAS I n s t i t u t e ,  Inc., Cary 
were used f o r  the analysis o f  d rom t h i s  experiment . A mu1 t i - w  
repeated measures analysis o f  variance was conducted. I n  t h i s  type o f  analy- 
s i s  each subject  i s  h i s  own con t ro l  and the  measurements made a t  d i f f e r e n t  
t imes on the  same subject are compared. Although the program was not speci- 
f i c a l l y  designed f o r  repeated measures, the analysis was set up so tha t  the F 
s t a t i s t i c s  would be the same as they would f o r  a repeated measures program. 
No data were disregarded and only one f l i g h t  sample was missing. An unbal- 
anced design was used i n  the  program t o  al low f o r  the missiny sample. 
The hypothesis t h a t  there i s  no d i f f e rence  i n  subject  responses on the 
d i f f e r e n t  days o f  the experiment was tested. 
variance was used t o  determine which parameters showed s i g n i f i c a n t  d i f f e r -  
ences between any days; then the  Student-Newman-Keuls stepwise mu1 t i p l e  com- 
par ison t e s t  (Newman, 1939; Keuls, 1952) was used t o  determine which days 
were d i f f e r e n t .  
the analys is  o f  a l l  parameters. For several parameters i n  the  Spacelab 
experiment, measurements on samples from day F-1 were s i g n i f i c a n t l y  d i f f e r e n t  
from those on samples from the  other two p r e f l i g h t  days. Therefore, F-1 was 
not included i n  the p r e f l i g h t  mean. Blood samples were taken from two crew- 
members on day L+12 and from the other two on day L+13; since these days are 
so c lose together, they were t rea ted  as a s ing le  day i n  the analysis.  Sepa- 
r a t e  analyses were done f o r  the f l i g h t  and simulat ion.  
The crewmembers were c l a s s i f i e d  according t o  whether they had taken 
countermeasures and which s h i f t  they were on, and s i y n i f i c a n t  d i f f e rences  
between these groups (countermeasures vs . no countermeasures and day s h i f t  
vs. n i y h t  s h i f t )  were determined by the program a t  the same t ime as the anal- 
y s i s  o f  other fac to rs  (day, subject)  was performkd. The number o f  crewmern- 
bers (2)  i n  each group was so small, however, t h a t  graphs o f  the data were 
used along w i t h  the analys is  o f  variance in format ion t o  obta in  what was 
thought t o  be a more accurate p i c t u r e  o f  the resul ts .  
The repeated measures analysis adjusted f o r  wi th in-subject  v a r i a b i l i t y ,  
as w e l l  as f o r  v a r i a b i l i t y  due t o  the d i f f e r e n t  s h i f t s  and use o r  non-use o f  
countermeasures when values on the d i f f e r e n t  days o f  the experiment were com- 
pa red . 
One analysis was done t o  compare the d i f f e r e n t  phases o f  the experiment 
( p r e f l i y h t ,  i n f l i y h t ,  and p o s t f l i g h t ) .  S i g n i f i c a n t  i n t e r a c t i o n s  between 
classes [phase and s h i f t ,  f o r  example) were found f o r  very few parameters. 
\(hen the analys is  comparing days i ead o f  phases was done, no i n t e r a c t i o n s  
were s i  gni  f i cant . 
A more thorough analysis was performed on selected parameters: serum 
osmol a1 i t y ,  r e t i c u l o c y t e  count and number , t r a n s f e r r i n ,  ery thropoiet in ,  fe r -  
in.  Data from annual physical  examinati o f  64 astro- 
nalyze the  d i s t r i b u t i o n  o f  these paramet , and a l l  but 
l ob in ,  and e ry th ropo ie t i n  - were t d, and the square root  
the logar i thm o f  aptoyl  obin and r o p o i e t i n  were found t o  
The program f o r  analysis o f  
The mean value f o r  the f i r s t  two p r e f l i y h t  days was used as one day i n  
ad a normal d i s t r i b u t i o n .  Transformations o f  those th ree  - 
i s  o f  varianc 
comparison t e s t  were 
B- 1 
and unt ransfoned var iables,  Resul ts of t he  i s  nonparametric 
t e s t  (Kruskal and Mal 1 i s,  1952) corrobora 
s i s  o f  var iance t e s t .  
he parametric analy- 
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' A  COMPUTER SIMULATION OF THE EFFECT OF THE PROPOSED SPACELAB 1 
BLOOD DRAW PROTOCOL ON THE HUMAN RED CELL SYSTEM 
The Spacelab 1 medical experiments were expected t o  requ i re  10 blood 
draws per subject  over a -/-week per iod f o r  a t o t a l  blood c o l l e c t i o n  o f  
approximately 500 m l .  On Earth, a f t e r  a blood draw red c e l l  product ion (RCP) 
w i l l  tend t o  increase i n  order t o  compensate f o r  l o s t  red c e l l  mass (RCM) . 
If the  red c e l l  mass l o s s  t h a t  occurs i n  mic rograv i ty  i s  the r e s u l t  o f  a 
decrease i n  bone marrow RCP, t he  e f f e c t  o f  blood draws may compete w i th  the  
ef fect  o f  hyQogravi ty.  I n  order t o  i nves t i ga te  the  quan t i t a t i ve  aspects o f  
t h i s  problem, the  e f f e c t  o f  m u l t i p l e  blood draws on the  e ry th ropo ie t i c  system 
was inves t iga ted  using a p rev ious ly  devel oped mathematical model. 
The model was developed t o  i nves t i ga te  the  r e l a t i v e  in f luence t h a t  t he  
cont ro l1  i n y  fac to rs  o f  e ry th ropo ies is  have on t o t a l  RCM (Leonard e t  a1 ., 
1981). 
t r o l  o f  e ry th ropo ies is  under a v a r i e t y  o f  s t ress  s i tua t ions ,  i nc lud ing  space 
f l i g h t .  The model i s  based on the  concept t h a t  the  overa l l  balance between 
oxygen supply and demand regulates the  release o f  t he  hormone e ry th ropo ie t i n  
from renal t i ssues  sens i t i ve  t o  oxygen tens ion leve ls .  Ery th ropo ie t in  con- 
t r o l s  bone marrow RCP. 
stresses i nc lud ing  a l t i t u d e  hypoxia, descent from a l t i t u d e ,  red c e l l  i n f u -  
sion, and dehydrat ion (Dunn e t  a1 ., 1981; Leonard e t  a1 ., 1981). 
Computer s imulat ion s tud ies o f  the  fo l low ing  three stresses were per- 
formed: 1) zero-y s t ress  only  (no blood draws), 2)  blood draw stresses only 
(Spacelab 1 protocol  , no zero-g s t ress) ,  and 3) combined zero-g and blood 
draw stresses. 
Simulat ion 1: Zero-g was simulated by decreasing the t o t a l  blood volume 
by 500 m l  o f  plasma over a 12-hour per iod s t a r t i n g  a t  launch. 
sents the amount of f l u i d  l o s s  t h a t  i s  thought t o  occur fo l low ing  en t ry  i n t o  
zero-g (Lemard e t  a1 . , 1981) . 
reduced l e v e l  u n t i l  t h e  beginning o f  reen t ry  (7 days a f t e r  launch), a t  which 
t ime the  blood volume was allowed t o  l i n e a r l y  re tu rn  t o  the  p r e f l i g h t  value 
over a 24-hour period. The rnodel i n t e r p r e t s  the  decrease i n  plasma volume 
(PV) as a hemoconcentrating s t ress  and acts  t o  decrease RCP and RCN. Th is  
approach t o  s imulat ing t h e  e f f e c t s  o f  zero-g represents one o f  t he  major 
hypotheses expl a in iny  the  observed decrease i n  RCM. 
were simulated i n  order t o  show the  p o s t f l i g h t  response o f  the e ry th ropo ie t i c  
system t o  t h e  "zero-g" stress.  
t o t a l  b lood volume by the  amount spec i f i ed  by t h e  protocol  f o r  t h a t  day 
( t a b l e  1). 
draws on t h e  e ry th ropo ie t i c  system, i t  was assumed t h a t  the RCN l o s t  from 
each blood draw was replaced immediately by an equivalent amount o f  plasma. 
The s imu la t ion  was run over t h e  same t ime per iod as the  zero-g s imulat ion.  
Simulat ion 3: This  s imu la t ion  consisted o f  a combination o f  s imulat ions 
1 and 2 described above. 
This study addressed the  fo l l ow ing  two questions: "DO t h e  Spacelab 1 
blood draws s i g n i f i c a n t l y  per tu rb  the  e ry th ropo ie t i c  system?" and "Does t h i s  
per tu rba t ion  amp1 i f y  o r  a t tenuate the  expected space f l  i y h t  changes?" 
According t o  t h e  s imulat ions,  bo th  the  zero-g s t ress  and the  Spacelab 1 blood 
draws have a s i g n i f i c a n t  impact on the  e ry th ropo ie t i c  system. 
c- 1 
It has been usefu l  i n  e luc ida t i ng  the  mechanisms involved i n  the  con- 
The model has been va l ida ted  f o r  a v a r i e t y  o f  
This repre- 
The t o t a l  51 ood volume v a s  maintained a t  this 
Three add i t iona l  weeks 
Simulat ion 2: The Spacelab 1 blood draws were simulated by reducing t h e  
In order  t o  more r e a l i s t i c a l l y  s imulate the  e f f e c t s  o f  b lood 
The r e s u l t s  
f o r  plasma volume, e ry th ropo ie t i n  (Ep) concentrat ion, hematocr i t  (Hct) ,  and 
RCP showed t h a t  t he  two stresses have opposite e f f e c t s  on these system para- 
meters dur ing  the  i n f l i g h t  phase o f  t h e  simulat ions. The model p red ic t s  t h a t  
t he  zero-g s t ress w i l l  be t h e  dominant s t ress dur ing the  f l i g h t  period, s ince  
t h e  combined s imulat ion ( tab1 e 7) qual i t a t i v e l y  resembl-es the  zero-g simul a- 
t i o n  and no t  t h e  Spacelab 1 blood-draw Simulat ion (not  shown). The blood- 
draw protocol  tended t o  at tenuate t h e  expected i n f l i g h t  zero-g changes and 
amplify t he  expected p o s t f l i g h t  zero-g changes f o r  PV, Ep, Hct and RCP, wh i le  
ampl i f y ing  the  i n f l i g h t  and p o s t f l i g h t  changes i n  RCM and red c e l l  d i s t r i b u -  
t i o n  w id th  (RCD). 
Problems may occur i n  i n t e r p r e t i n g  the  r e s u l t s  o f  t he  combined simula- 
t i o n  when they are presented as percentage changes from p r e f l i g h t  averages. 
The problems a r i se  from t h e  f a c t  t h a t  t he  p r e f l i g h t  basel ines, from which the  
cont ro l  V a l  ues are determined, change w i th  each p r e f l  i g h t  blood draw. 
Because the  red c e l l  system w i l l  not  be i n  a steady s ta te  durin'y the  pre- 
f l i g h t  period, the  i n f l i g h t  and p o s t f l i g h t  r e s u l t s  w i l l  be biased by the  
changing basel ine. 
changing base1 i n e  could produce two types o f  m i  s l  eading experimental 
results'. F i r s t ,  RCM (on MD2 and MD4) and Hct (on L+1) a re  predic ted by the  
zero-g s imulat ion t o  change l e s s  than two percent ( t a b l e  7), an- amount t h a t  
probably could not  be measured experimental ly. The combined simul a t i o n  f o r  
Hct, however, p red ic ts  t h a t  t h i s  change w i l l  be greater  than four  percent, an 
amount which might be measured experimental ly. Second, experimental resu l t s  
may show d i r e c t i o n a l  responses opposi te t o  those predic ted by the zero-g sim- 
u l a t i o n  ( t h e  Ep r e s u l t s  a re  an example f o r  Spacelab 1). 
cr ibed above h i g h l i g h t  t he  caut ion t h a t  must be exercised when using pre- 
f l  i y h t  values as cont ro l  s f o r  i n f l  i g h t  and p o s t f l  i g h t  t reatment periods, 
espec ia l l y  i f  sampling methods changerthe system being studied. 
The r e s u l t s  o f  t he  combined zero-g and blood draw s imulat ion (s imu la t ion  
3 above) were q u a l i t a t i v e l y  s i m i l a r  t o  the zero,-g on ly  s imu la t ion  (s imu la t ion  
1 above), i n  s p i t e  o f  t he  volume and frequency o f  the'proposed blood draws. 
S imulat ion 3 pred ic ts  t h a t  t he  blood draws tend t o  at tenuate the  expected 
i n f l  i g h t  changes and t o  amp1 i fy the expected p o s t f l  i g h t  changes f o r  a1 1 para- 
meters measured except RCM and RCD. These th ree  s imulat ions suggest t h a t  a 
1-g group o f  subjects undergoing the  same blood draw protocol  would prov ide 
the  most appropr iate experimental con t ro l  group f o r  a m u l t i p l e  blood draw 
experiment i n  space, a t  l e a s t  f o r  experiments concerned w i t h  the  red c e l l  
system. 
The e f f e c t s  o f  t he  blood draws i n  conjunct ion w i t h  the  
The examples des- 
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Aviat., Space Environ. Med., vo l .  52, 1981, pp. 683-690. 
Leonard, J. I.; Kimzey, S. L.; and Dunn, C. D. R.: Dynamic Regulat ion o f  
Erythropoies is :  A Computer Model o f  General A p p l i c a b i l i t y .  Exp. Hematol ., 
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D-2 
L+O 5.10 16 .O .440 86 31 36 
L+l  4.69 15.1 , 420 90 32 36 
L+8 4.80 14.2 .420 88 30 34 
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aBlood clotted in needle during draw, Quantity not sufficient for postflight 
analysis o f  a1 1 parameters. 
D-3 
MS2 F-65 
F- 7 1.30 55.6 1.40 1.92 11.4 -42 
F-1 .40 17.4 90 3.70 11.3 .54 
MD 1 .70 33.8 .70 2.50 .38 
MD7a -80 - .90 1.92 -41 
L+O .70 29.9 .70 3.45 8.6 .14 
L+l  1 .oo 43.1 1.10 2.12 ’9.6 .25 
L+8 1:10 43.9 1.30 2.29 12.3 .31 
L+13 1.70 69.4 ‘ 1.80 5.73 11.2 .01 
PS1 F-65 1.20 61.9 ” 2.99 9.6 .33 
F-55 1.20 57.2 
F-7 1.10 .55.6 3.02 10.3 .31 
F- 1 .40 20.3 ’ .60 3.33 9.5 .50 
MD1 1.00 50.7 1.00 7.19 .35 
MD7 ’. 40 21.2 a -40 - 3.80 .01 
L+O .30 14.5 .30 1.32 8.2 .01 
46.5 1.00 1.90 9.3 .29 
59.4 1.40 1.72 12.6 .27 
28.5 -60 1.89 12.1 .01 
PS2 F-65 1;80 91.6 2.00 3.88 19.4 .35 
-7 1.40 65.4 1.49 2.83 ?0*5 s 22 
-55 1.80 84.9 1 .a0 
-1 .90 41 .O 1 .oo 2.31 11.9 .23 
MD1 .40 20.1 - .40 1.56 .01 
MD7 1.40 20.1 .40 1.31 .03 
L+O .50 22.5 .50 2.62 9.7 .07 
L + l  1.60 70.6 1.70 1 e49 10.3 .ll 
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MS1 F-65 310 
F- 1 233 7.5 45 49 4 2 0 0 
MD1 270 7.3 66 24 3 1 0 6 
MD7 27 0 9.1 68 22 5 3 0 2 
L+O 284 8.6 74 22 3 1 0 0 
L + l  238 7.3 56 36 5 3 .  0 0 
L+8 287 6.1 62 33 2 3 0 0 
L+13 276 5.8 51 35 9 3 1 1 
MS2 F-65 323 6.0 65 32 3 0 0 0 
F-7 281 5.8 67 29 4 0 0 0 
F- 1 26 5 6.3 47 , 46 3 2 0 2 
M D 1  279 7.0 69 19 0 0 0 12 
MD7a - - 64 32 2 2 0 0 
L+O 266 6.4 59 38 3 0 0 0 
L + l  286 6.8 68 26 6 0 0 0 
L+8 365 5.9 69 30 1 0 0 0 
L+13 311 5.3 55 37 8 0 0 0 
P s1 F-65 261 4.9 65 32 0 3 0 5 
F-55 185 5.2 50 43 2 5 0 ,  0. 
F- 7 20 1 5.8 54 34 8 4 0 0 
F- 1 173 5.4 53 43 1 2 0 1 
MD 1 198 5.5 56 36 3 2 1 2 
MD7 188 6 .O 54 ' 36 5 3 0 2 
L+O 292 4.3 54 39 5 2 0 0 
L + l  287 4.8 53 41 4 1 1 D 
L+8 183 5.2 47 35 7 10 0 0 
L+12 219 6.1 45 37 13 4 0 0 
P s2 F-65 278 7.0 74 24 1 1 . " - I  0 0 
F-55 217 6.1 74 20 2 3 1 0 
F-7 251 5.1 62 23 13 1 0 1 
Fr1 1 5.3 57 36 2 5 0 0 
MD1 2 10.8 84 10 2 0 5 4 
MD7 23 1 6.1 67 30 1 1 0 1 
L+O 353 9.5 80 14 3 3 0 0 :  
L + l  278 6.4 74 21 2 3 0 0 
L+8 252 7.6 68 27 3 2 0 0 
L+12 255 10.1 71 20 7 0 0 2 
aBlood clotted i n  needle during draw. Quantity not sufficient for analysis o f  all 
parameters. 
D-8 
TABLE 15. - NUMBER OF EACH TYPE-OF LEUKOCYTE 




































PS1 F-65 3.2 
F-55 2.6 
F- 7 3.1 
F- 1 2.9 
MD 1 3. i 
MD7 3.2 




PS2 F-65 5.2 
F-55 4.5 
F-7 3.2 
F- 1 3.0 
MD 1 9.1 
MD7 4.1 
L+O 7.6 































































































































































































aBlood c lo t ted  i n  needle during draw. Quantity not sufficient for  postflight 
analysis of a l l  parameters. 
D-9 
TABLE 16. - SERUM CHEMISTRY 
Crelnember Day Osmol a1 3 ty, ’ I Na K 3  2 ,S-DPG, ATP 













H D l  
MD7 
L+O 
L + l  
L+8 
L+13 







































































































































































































TABLE 17. - SERUM PROTEINS 
MS1 F-65 7.2 4.5 .3 .4 .7 1.3 74 26.7 
F-7 7.2 5.0 .3 .4 .5 1 .o 46 43.2 
F- 1 7 .O 5.0 .2 .4 -6 .8 46 33.9 
MD1 7.2 4.9 .3 .5 -6 .9 52 34.5 
MD7 7.4 5.0 .3 .5 .7 .9 98 80.2 ' 
L+O 7.1 4.9 .3 .6 .7 .7 57 91.9 
L+l  7 .O 4.9 .3 .5 .5 .8 57 81.7 
L+8 6.8 4.5 .2 .4 .7 1 .o 79 44.9 
L+13 6.7 4.3 .3 .6 .5 1 .o 74 31.5 
MS2 F-65 7.9 4.8 
F- 7 7.2 5.0 
F-1 7.3 5.2 
MD1 7.4 5.1 
MD7 7.1 4.7 
L+O 7.0 4.4 
L+l 6.9 4.6 
L+8 6.7 4.7 










P s1 F-65 7.1 





L+l  6.9 
L+8 6.6 
L+12 7.0 




































































































































































DATA COLLECTED FROM 
1NS103 SIMULATION 
E- 1 
3 s n 
5n a n  
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TABLE 20. - ERYTHROCYTE HEMATOLOGY 
Subject Day E ryt h ro- Herno- Hemato- MCV, MCH, MCHC , 
g l o b i n ,  wit, f l  pg/ce l l  g/dl 












































































































































































































































































TABLE 21. - RETICULOCYTES AND ERYTHROPOIETIN 
Subject Day Ret icu- Ret icul o- RP I Eryt h ropoi et i n , 
uni ts/ml ;:;9" 1 ocytes , percent 
1 F-60 0.5 27.2 0.5 .12 
(MS1) F-8 0.5 26.9 0.5 .23 
F- 1 1.0 54.9 1 .o .31 
MD 1 0.9 48.2 0.9 .35 
MD7 0.7 38 .O 0.7 .26 
L+O 0.5 27.5 0.5 .42 
L+l  0.6 31.3 0 -6 .29 
L+8 0.7 35.1 0.7 .36 
L+13 1.1 58.1 1.1 .20 
F-60 1.2 63.6 1.2 . 14 
F- 7 1.0 50.5 1.0 .33 
F- 1 0.7 36.8 0.6 .50 
M D 1  0.7 37.7 0.7 .20 
MD7 1 .o 53.8 1 .o .34 
L+O 1.1 57.1 1.1 .22 
L + l  1.1 53.7 1.1 .12 
L+8 0.7 33.2 0.7 .35 
L+13 0.9 42.5 0.9 .18 
F-60 1 .o 49.1 1.1 .29 
F- 7 0.3 14.1 0.4 .13 
, F-1 0.5 25.0 0.6 .50 
MD1 0.4 22.0 0.4 .01 
MD7 0.7 36.4 0.7 . O l  
L+O 0.5 24.0 0.6 .47 
L+l  0.6 28.3 0.7 .41 
L+8 0.4 19.2 0.4 .01 
- L+13 1.0 45.2 1 .o .30 
4 F-60 0.7 28.7 0.8 .07 
F-8 0; 9 35.8 1.0 -13 
F- 1 1.6 66.2 1.7 .02 
MD 1 0.9 38.3 0.9 . O l  
MD7 0.9 42.1 0.9 . 16 
L+O 0.7 33.5 0.7 .ll 
L+l  0.5 22.1 0.5 . O l  
L+8 0.3 12.4 0.3 .12 
L+13 0.7 28.7 0.7 .18 
F-60 0.5 28.9 0.4 .16 
F- 7 0.5 26.8 0.5 .01 
F-11 0.6 31 -0 0.6 . 58 
MD 1 0.6 31.7 0.6 . 01 
M07 0.5. 25.5 0.5 .38 
L+O 0.9 48.9 0.9 -05 
L+1 0.7 35.8 0.7 .20 
L+8 1.3 61.9 1.3 .05 


































































































































































































































































































































































































































































































































TABLE 23. - PLATELETS AND LEUKOCYTES 
Subject Day Pla te le t s ,  Leuko- Neutro- Lympho- Mono- Eosino- Bas+ Band 
xi0911 cytes, phils, cytes, es, phils, p h i l s ,  neutro- 
x 1 0 V  percent percent ent percent percent phi1 s, 
percent 



























































































TABLE 24. - NUMBER OF EACH TYPE OF LEUKOCYTE 
F-60 3.78 1.40 
F-8 2.45 2.25 
F-1 3.72 1.80 
MD1 3.47 1.76 
MD7 3.74 2.88 
L+O 3.56 1.78 
L+l 3.36 1.95 
L+8 3.12 1.92 
L+13 4.22 1.24 
F-60 3.54 1.68 
F-7 3.72 2.10 
F-1 3.71 2.05 
MD1 4.55 1.79 
MD7 5.45 2.35 
L+O 6.37 2.55 
L+l 4.75 1.80 
L+8 3.47 2.27 
L+13 3.36 1.88 
F-60 2.04 1.72 
F-7 1.56 2.16 
F-1 1.98 1.98 
MD1 2.78 1.58 
MD7 2.59 1.97 
L+O 2.70 1.94 
L+l 2.34 1.53 
L+8 2.04 1.60 
L+13 1.67 1.71 
F-60 1.40 i.i9 
F-8 2.87 1.11 
F-1 2.77 1.74 
MD1 2.23 1.30 
MD7 2.39 1.94 
L+O 2.36 1.33 
L+l 2.98 1.68 
L+8 2.36 1.33 
L+13 2.77 1.45 
F-60 5.31 2.32 
F-7 4.28 3.70 
F-1 4.54 2.75 
MD1 6.30 3.01 
MD7 4.73 2.91 
L+O 8.44 3.02 
L+l 5.08 2.71 

















































































































































































L+13 3.78 2.14 .061 .12 0 0- 
E-8 
TABLE 25- - SERUM CHEMISTRY 
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L+13 288 141 4.2 9.6 4.57 
E-9 
TABLE 26. - SERUM PROTEINS 
Sub- Day Total Albumin, Alpha-1 Alpha-2 Beta Gama Hapto- Ferr i t in  
j e c t  protein, g/dl globulin, globulin, globulin, globulin, globin, ng/ml 
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16. Abstract 
An experiment conducted on the  10-day Spacelab 1 mission aboard the  ninth Space S h u t t l e  
f l i g h t  i n  November to December 1983 w a s  designed t o  measure f a c t o r s  involved i n  the  
control  of erythrocyte  turnover t h a t  might be a l t e r e d  during weightlessness. Blood samples  
w e r e  co l lec ted  before,  during, and a f t e r  t h e  f l i g h t .  Immediately a f t e r  landing, red cel l  
m a s s  showed a mean decrease of 9.3 percent i n  t h e  four  as t ronauts .  Neither hyperoxia nor 
an increase i n  blood phosphate was a cause of the  decrease. Red c e l l  survival  time and 
i r o n  incorporation p o s t f l i g h t  w e r e  not s i g n i f i c a n t l y  d i f f e r e n t  from t h e i r  p ref l igh t  leve ls .  
Serum haptoglobin d id  not  decrease, indicat ing t h a t  intravascular  hemolysis was not  a 
major cause o f  red cel l  m a s s  change. An increase i n  serum f e r r i t i n  a f t e r  the second day 
of f l i g h t  may hzve beexi c m d  by red c d 1  breaklorn early in f l i g h t .  Erythropoietin 
l e v e l s  decreased during and a f t e r  f l i g h t ,  but  p r e f l i g h t  levels were high and the decrease 
w a s  not s ign i f icant .  The space flight-induced decrease i n  red cell  mass may r e s u l t  from 
a f a i l u r e  of erythropoiesis  t o  replace cells destroyed by the  spleen soon a f t e r  weightless- 
ness is a t ta ined .  
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